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Abstract: We introduce new tools for studying modular flow in AdS/CFT. These tools
allow us to efficiently extract bulk information related to causality and locality. For exam-
ple, we discuss the relation between analyticity in modular time and entanglement wedge
nesting which can then be used to extract the location of the Ryu-Takayanagi (RT) surface
directly from the boundary theory. Probing the RT surface close to the boundary our
results reduce to the recent proof of the Quantum Null Energy Condition. We focus on
heavy probe operators whose correlation functions are determined by spacelike geodesics.
These geodesics interplay with the RT surface via a set of rules that we conjecture and
give evidence for using the replica trick.
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1 Introduction
A promising approach to quantum gravity comes from a class of dualities where gravity
emerges from non-gravitational degrees of freedom that are inherently quantum mechanical
yet in principle under control non-perturbatively [1, 2]. The quantum information aspects
of these degrees of freedom provide a direct way to reveal the emergence of gravity, thus
connecting the paradigm of emergence to BH thermodynamics [3, 4] and the entropic nature
of Einstein’s equations [5]. Making these statements precise is an ongoing challenge. Most
optimistically we might be able to use an improved understanding of this paradigm to
liberate ourselves from the models that are most under control - that of quantum gravity
in asymptotically AdS spaces.
Toy models, which are for the most part lattice based quantum systems, that provide
a playground for these ideas have been recently developed highlighting the entanglement
structure [6] and quantum error correcting aspects of holography elucidated in [7]. Ex-
amples include tensor networks such as MERA [8] and holographic error correcting codes
[9, 10]. However including dynamics in these toy models is less clear, and an especially diffi-
cult problem involves finding models with emergent locality on the fine-grained or sub-AdS
scale.
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Starting instead in the continuum limit with the boundary theory as a CFT one au-
tomatically builds in dynamics, however dealing with the quantum information aspects of
CFTs becomes more tricky. In the CFT context the usual assumptions for identifying bulk
locality [11] include a large N limit, via factorization rules for correlation functions, and
strong interactions, via the requirement of a gap in anomalous dimensions for higher spin
single trace operators. Ultimately we would like to combine these assumptions to study
the quantum information (QI) aspects of the CFT where bulk emergence should be syner-
gistically linked and such things as the Einstein’s equations will naturally and entropically
arise.
One example consequence of these later assumptions is to the chaos bound [12, 13] and
it’s saturation, thus linking strong chaotic behavior (or fast scrambling [14]) to holographic
theories with classical gravity duals. The chaos bound, in it’s simplest manifestation,
constrains the behavior of a CFT four point function continued into real time in a kinematic
regime related to high energy Regge scattering in the gravitational dual [15]. Scattering
probes the underlying locality of the bulk [16, 17] which has mostly been studied in cases
with lots of symmetry (see however [18]). In this paper we would like to develop a hybrid
approach where we still study a form of bulk scattering yet we also include aspects of
quantum information so we can easily work in more general backgrounds and potentially
reach behind horizons.
Modular Hamiltonians are basic to the properties of QI in AdS/CFT as first elucidated
in the JLMS result [19]. Modular Hamiltonian’s are associated to the entanglement wedge
[20–22] region between the extremal surface that computes the entanglement entropy and
the boundary region. An understanding of the duality of these modular Hamiltonians and
it’s relation to relative entropy was used to prove that it is possible to reconstruct bulk
operators inside the entanglement wedge from the boundary sub-region [23]. The ideas
behind this proof are the same for the holographic codes as for established holographic
theories. However sub-AdS bulk locality is still not clear in the former. General modular
flow is dual to local boosts deep in the bulk and such boosts might only be expected for
theories with sub-AdS locality. We will use such boosts as a tool to extract information on
the bulk, and more realistic tensor network models would need to be sensitive to this.
As an example, let us introduce the following correlator, motivated by the recent paper
studying the Quantum Null Energy Condition [24]:
iM+ 1 =
〈
O∆isB∆−is+1/2A O
〉
√〈
O∆1/2A O
〉〈
O∆1/2B O
〉 (1.1)
where ∆A,B are modular operators associated to the state ψ reduced to two nested regions
satisfying the nesting condition D(B) ⊂ D(A) for their domains of dependence or causal
completions. Expectations are taken in the state ψ and O is a boundary operator in the
algebra associated to D(B). Note that O should be an appropriately smeared and bounded
operator although we will often sweep the details of this under the rug.
Setting E = ie−2pis one can show thatM(E) is analytic and bounded in the lower half
E-plane with |iM+ 1| ≤ 1 (see Section 3.2). Then following Section 2.3 of [25] and using
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a sum rule, it is not hard to show that:
ImM(E = x− iy) ≥ 0 (1.2)
|y∂y ln ImM(E = x− iy)| ≤ 1 (1.3)
for y > 0. The later is the so called bound on chaos [13]. For example if we consider B to
be a “small” deformation of A which we parameterize by some length δz then we would
like to argue that this correlator looks like:
M = ip δz eλLs + . . . (1.4)
where we have also taken somewhat large s. The former (1.2) tells us that pδz ≥ 0 and the
later bound (1.3) tells us that λL ≤ 2pi. We will call this the modular chaos bound. Part
of the goal of this paper is to compute the correlator in holographic theories where O is
some boundary local operator not-necessarily close to the boundary entangling cuts at ∂B
and ∂A. We will find saturation of the chaos bound λL = 2pi. In addition to this we find
that δz is a specific null coordinate shift of the bulk RT/entangling surface associated to
the boundary deformation between the two nested regions and that p is a positive quantity
related to the operator probe O.
Thus the emergence of sub-AdS bulk locality in the state ψ should be associated to
saturation of the modular Chaos bound λL = 2pi for a large set of nested boundary regions.
We can also use this result to extract information about the location of the entangling
surface in the bulk - allowing us to map out the bulk geometry directly from the boundary.
Positivity of δz turns out to be the nesting requirement of entanglement wedge regions
(EWN), given that the boundary regions are nested.
In order to precisely extract this information we need the correlator to probe local-
ized regions in the bulk and we can achieve this by considering operators that have large
conformal dimension ∆O which are then dual to large mass m fields in the bulk. Correla-
tion functions are then determined by spacelike geodesics that can be tuned to probe the
entangling surface and modular flow. Having access to such a operator is perhaps more
than we would like to require of a gravitational dual, although we consider this a mild
assumption. This requirement is linked to the large-N limit since the dimension must still
be smaller than N# for any of our discussions to work which will ignore backreaction. We
might employ other brane like objects (one dimensional or more) in the probe limit, such as
another entangling surface which is computed via the replica limit of twist operator corre-
lation functions. An entangling surface would eliminate the need for the existence of some
other operator, yet the probe would necessarily be co-dimension 2. The idea of studying
how entangling surfaces themselves are effected by modular flow rather than heavy probe
operartors is pursued in a paper that has some overlap with our results [26].1
The paper is organized as follows. We start by outlining a set of rules for getting a
handle on modular flow correlators of heavy probe operators, such as (1.1), in AdS/CFT.
In Section 2 we simply state the rules, give some intuition for where they come from and
1We thank Aitor Lewkowycz for sharing an early draft of their work, and several discussions leading up
to this work.
– 3 –
check some trivial examples. In Section 3 we give some applications, including emphasizing
the special role of the operator ∆1/2 which under the rules of Section 2 effectively reflects
the boundary operator at the entangling surface. We then study the correlator (1.1) to
extract the bulk EWN condition. In Section 4 we give some more complete arguments for
the rules using various forms of the replica trick and related arguments.
2 Some rules
For the bulk QFT we can consider a free scalar Klein-Gordan field φ, which is dual to the
single trace boundary operator O with mass m`AdS = ∆O for large conformal dimension
∆O. We will demand that the mass is large but not too large as to necessity dealing
with back-reaction on the bulk geometry: 1  m`AdS  `AdS/`p , `AdS/`s where `p,s
are the Planck and string scale respectively. In this limit space-like correlators can be
computed using space-like geodesics. This can be shown within the first-quantized approach
to computing correlation functions in free QFT - we must fix a Euclidean manifold BE and
consider maps x(τ) from the wordline W to BE :
〈φ(x)φ(y)〉BE =
∫ x(1)=y
x(0)=x
Dx(τ)De(τ)
Vdiff
e−SW (2.1)
where we take the wordline to be an interval [0, 1] parameterized by τ . Two point functions
are computed by integrating over all such maps into BE with the boundary conditions spec-
ified above. Here e(τ) is the einbein and dividing by Vdiff is necessary due to overcounting
coming from wordline diffeomorphism invariance. The action is m times the length of the
curve:
SW =
m
2
∫
dτ
(
1
e
gµν(x(τ))∂τx
µ(τ)∂τx
ν(τ) + e
)
(2.2)
which is manifest after integrating over e which sets:
e2 = gµν∂τx
µ(τ)∂τx
ν(τ) (2.3)
We can interpret this correlation function in a real time/Hilbert space picture in the
case where BE has a moment of time reflection symmetry such that the Euclidean path
integral generates a state |ψ〉 〈ψ| at this moment. In which case the world line path integral
computes:
〈ψ|φ(x)φ(y) |ψ〉 (2.4)
For sufficiently analytic BE we can deform the integration contour of x(τ) to complex values
allowing for the end points x, y to be in real times - that is lying on the real time section
of the original space: x, y ∈ B. The most natural object that we might expect to land on
under such a continuation is the time ordered Feynmann propagator.
In the large m limit we can evaluate this in a saddle point approximation as:
〈ψ|φ(x)φ(y) |ψ〉 = (detW)e−m`cl(x,y)
(
1 +O(m−1) + . . .) (2.5)
where `cl(x, y) is the geodesic length between the points x, y and (detW) is related to the
one loop determinant of fluctuations in x(τ), e(τ) around the classical saddle. We will not
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attempt to evaluate this determinant for now, and the semiclassical length will suffice for
this paper.
In AdS/CFT we will take the points x, y to the boundary where we then use the
extrapolate dictionary to extract the CFT correlation function. This step requires suitable
regularization of the of the length of the curve, which has infinite proper length near the
boundary of AdS. The procedure also extracts the usual z∆O wavefunction pieces in the
dictionary. This is a simple task, the details of which we do not go into. We write the
result as:
〈O(x)O(y)〉 ≈ e−m`reg(x,y) → e−m`(x,y) (2.6)
where now x, y lie on the boundary of our assymptotically AdS space and we will often drop
the reg and simply write `(x, y). More specifically the function `(X,Y ) is defined to be the
geodesic length between two bulk points X,Y or the regularized length if one or both of
the points are taken to live on the boundary. The geodesic approximation for correlation
functions in AdS/CFT has a long history with many applications. See for example: [12, 27–
32]. In particular we should caution the reader that the geodesic approximation is not fool
proof and can sometimes give misleading results, such as acausal response etc.2 These
difficulties can often be avoided by appealing to a Euclidean path integral which we will
do througout.
Now that we have setup the computation of correlation functions we would like to
introduce modular flow and compute:〈O(x)∆isAO(y)〉 ?≈ e−m`s(x,y) (2.7)
for which we might expect that at large m the answer again is determined by some classical
solution/geodesic with some associated, but as of now unspecified “length” `s(x, y).
At this point we use the JLMS [19] result which states that bulk modular flow equals
boundary modular flow. Associated to the region A on the boundary there is a bulk region
a between A and the associated HRT extremal surface mA [6, 33]. The quantum fields φ
reduced to this region a define a modular operator ∆a that we flow with. The location
of the extremal surface mA plays an important role below which we specify here. This is
some co-dimension 2 surface anchored at the boundary region ∂A:
XA(ξ) : ∂aA → Bd,1 (2.8)
where Bd,1 is the bulk d+1 dimensional spacetime with an appropriate conformal boundary.
The ξi are coordinates on the entangling surface and XµA(ξ
i) is the mapping into the bulk.
The (d − 1) vectors Πi = ∂iXµA∂µ are projectors onto the surface. There are two null
orthogonal directions to this surface k± satisfying:
(k+)
2 = (k−)2 = 0 k+ · k− = −1/2 k+ ·Πi = 0 (2.9)
The two complementary entangling wedges are defined as Ea = D(a) and Ea¯ = D(a¯). We
will now conjecture some rules, which give situations where we can compute the appropriate
2We thank Veronika Hubeny and Mukund Rangamani for emphasizing this to us.
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A¯<latexit sha1_base64="PjTI1X3daC/ZwUfCQ052f YaiOHo=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPVi8cK9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/ x5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeS t8Px3cxvP3FtRKIecZLyIKZDJSLBKFqp3Qupzm+mfbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlG wSSfVnqZ4SllYzrkXUsVjbkJ8vm5U3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthi UZRJggmZ/U4GQnOGcmIJZVrYWwkbUU0Z2oQqNgR/+eVV0rqo+V7Nf7is1m+LOMpwAqdwDj5cQR3uoQFNYDCGZ 3iFNyd1Xpx352PRWnKKmWP4A+fzB1Blj4o=</latexit><latexit sha1_base64="PjTI1X3daC/ZwUfCQ052f YaiOHo=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPVi8cK9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/ x5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeS t8Px3cxvP3FtRKIecZLyIKZDJSLBKFqp3Qupzm+mfbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlG wSSfVnqZ4SllYzrkXUsVjbkJ8vm5U3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthi UZRJggmZ/U4GQnOGcmIJZVrYWwkbUU0Z2oQqNgR/+eVV0rqo+V7Nf7is1m+LOMpwAqdwDj5cQR3uoQFNYDCGZ 3iFNyd1Xpx352PRWnKKmWP4A+fzB1Blj4o=</latexit><latexit sha1_base64="PjTI1X3daC/ZwUfCQ052f YaiOHo=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPVi8cK9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/ x5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeS t8Px3cxvP3FtRKIecZLyIKZDJSLBKFqp3Qupzm+mfbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlG wSSfVnqZ4SllYzrkXUsVjbkJ8vm5U3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthi UZRJggmZ/U4GQnOGcmIJZVrYWwkbUU0Z2oQqNgR/+eVV0rqo+V7Nf7is1m+LOMpwAqdwDj5cQR3uoQFNYDCGZ 3iFNyd1Xpx352PRWnKKmWP4A+fzB1Blj4o=</latexit><latexit sha1_base64="PjTI1X3daC/ZwUfCQ052f YaiOHo=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPVi8cK9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/ x5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeS t8Px3cxvP3FtRKIecZLyIKZDJSLBKFqp3Qupzm+mfbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlG wSSfVnqZ4SllYzrkXUsVjbkJ8vm5U3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthi UZRJggmZ/U4GQnOGcmIJZVrYWwkbUU0Z2oQqNgR/+eVV0rqo+V7Nf7is1m+LOMpwAqdwDj5cQR3uoQFNYDCGZ 3iFNyd1Xpx352PRWnKKmWP4A+fzB1Blj4o=</latexit>
mA
<latexit sha1_base64="6AB0rawL5G8AXBuJsGocz loD6L8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJqYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k 579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBz Wh4M/WbT6gNT9SDHaUYStpXPOaMWifdy+5Vt1zxq/4MZJkEOalAjnq3/NXpJSyTqCwT1Jh24Kc2HFNtORM4KX UygyllQ9rHtqOKSjTheHbqhJw4pUfiRLtSlszU3xNjKo0Zych1SmoHZtGbiv957czGl+GYqzSzqNh8UZwJYhM y/Zv0uEZmxcgRyjR3txI2oJoy69IpuRCCxZeXyeNZNfCrwd15pXadx1GEIziGUwjgAmpwC3VoAIM+PMMrvHnC e/HevY95a8HLZw7hD7zPHxMujaU=</latexit><latexit sha1_base64="6AB0rawL5G8AXBuJsGocz loD6L8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJqYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k 579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBz Wh4M/WbT6gNT9SDHaUYStpXPOaMWifdy+5Vt1zxq/4MZJkEOalAjnq3/NXpJSyTqCwT1Jh24Kc2HFNtORM4KX UygyllQ9rHtqOKSjTheHbqhJw4pUfiRLtSlszU3xNjKo0Zych1SmoHZtGbiv957czGl+GYqzSzqNh8UZwJYhM y/Zv0uEZmxcgRyjR3txI2oJoy69IpuRCCxZeXyeNZNfCrwd15pXadx1GEIziGUwjgAmpwC3VoAIM+PMMrvHnC e/HevY95a8HLZw7hD7zPHxMujaU=</latexit><latexit sha1_base64="6AB0rawL5G8AXBuJsGocz loD6L8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJqYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k 579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBz Wh4M/WbT6gNT9SDHaUYStpXPOaMWifdy+5Vt1zxq/4MZJkEOalAjnq3/NXpJSyTqCwT1Jh24Kc2HFNtORM4KX UygyllQ9rHtqOKSjTheHbqhJw4pUfiRLtSlszU3xNjKo0Zych1SmoHZtGbiv957czGl+GYqzSzqNh8UZwJYhM y/Zv0uEZmxcgRyjR3txI2oJoy69IpuRCCxZeXyeNZNfCrwd15pXadx1GEIziGUwjgAmpwC3VoAIM+PMMrvHnC e/HevY95a8HLZw7hD7zPHxMujaU=</latexit><latexit sha1_base64="6AB0rawL5G8AXBuJsGocz loD6L8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJqYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k 579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBz Wh4M/WbT6gNT9SDHaUYStpXPOaMWifdy+5Vt1zxq/4MZJkEOalAjnq3/NXpJSyTqCwT1Jh24Kc2HFNtORM4KX UygyllQ9rHtqOKSjTheHbqhJw4pUfiRLtSlszU3xNjKo0Zych1SmoHZtGbiv957czGl+GYqzSzqNh8UZwJYhM y/Zv0uEZmxcgRyjR3txI2oJoy69IpuRCCxZeXyeNZNfCrwd15pXadx1GEIziGUwjgAmpwC3VoAIM+PMMrvHnC e/HevY95a8HLZw7hD7zPHxMujaU=</latexit>
s
⇠
<latexit sha1_base64="1wGnoUZRraZ2SlTvRPCWqUe0y5M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU 0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+96T6Jcrbt Wdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slo XVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1vljdU=</latexit><latexit sha1_base64="1wGnoUZRraZ2SlTvRPCWqUe0y5M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU 0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+96T6Jcrbt Wdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slo XVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1vljdU=</latexit><latexit sha1_base64="1wGnoUZRraZ2SlTvRPCWqUe0y5M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU 0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+96T6Jcrbt Wdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slo XVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1vljdU=</latexit><latexit sha1_base64="1wGnoUZRraZ2SlTvRPCWqUe0y5M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU 0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+96T6Jcrbt Wdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slo XVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1vljdU=</latexit>
⇠?
<latexit sha1_base64="iqJkimXF3dQAj2SJ32DI0 rztt0Q=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKtlWaUDbbTbt0swm7E7GE/govHhTx6s/ x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpxlsskYm+D6nhUijeQoGS36ea0ziU vBOOrqd+55FrIxJ1h+OUBzEdKBEJRtFKD/6T6PkGqe5Va27dnYEsE68gNSjQ7FW//H7CspgrZJIa0/XcFIOc ahRM8knFzwxPKRvRAe9aqmjMTZDPDp6QE6v0SZRoWwrJTP09kdPYmHEc2s6Y4tAselPxP6+bYXQZ5EKlGXLF 5ouiTBJMyPR70heaM5RjSyjTwt5K2JBqytBmVLEheIsvL5P2Wd1z697tea1xVcRRhiM4hlPw4AIacANNaAGDG J7hFd4c7bw4787HvLXkFDOH8AfO5w8AbZCG</latexit><latexit sha1_base64="iqJkimXF3dQAj2SJ32DI0 rztt0Q=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKtlWaUDbbTbt0swm7E7GE/govHhTx6s/ x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpxlsskYm+D6nhUijeQoGS36ea0ziU vBOOrqd+55FrIxJ1h+OUBzEdKBEJRtFKD/6T6PkGqe5Va27dnYEsE68gNSjQ7FW//H7CspgrZJIa0/XcFIOc ahRM8knFzwxPKRvRAe9aqmjMTZDPDp6QE6v0SZRoWwrJTP09kdPYmHEc2s6Y4tAselPxP6+bYXQZ5EKlGXLF 5ouiTBJMyPR70heaM5RjSyjTwt5K2JBqytBmVLEheIsvL5P2Wd1z697tea1xVcRRhiM4hlPw4AIacANNaAGDG J7hFd4c7bw4787HvLXkFDOH8AfO5w8AbZCG</latexit><latexit sha1_base64="iqJkimXF3dQAj2SJ32DI0 rztt0Q=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKtlWaUDbbTbt0swm7E7GE/govHhTx6s/ x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpxlsskYm+D6nhUijeQoGS36ea0ziU vBOOrqd+55FrIxJ1h+OUBzEdKBEJRtFKD/6T6PkGqe5Va27dnYEsE68gNSjQ7FW//H7CspgrZJIa0/XcFIOc ahRM8knFzwxPKRvRAe9aqmjMTZDPDp6QE6v0SZRoWwrJTP09kdPYmHEc2s6Y4tAselPxP6+bYXQZ5EKlGXLF 5ouiTBJMyPR70heaM5RjSyjTwt5K2JBqytBmVLEheIsvL5P2Wd1z697tea1xVcRRhiM4hlPw4AIacANNaAGDG J7hFd4c7bw4787HvLXkFDOH8AfO5w8AbZCG</latexit><latexit sha1_base64="iqJkimXF3dQAj2SJ32DI0 rztt0Q=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKtlWaUDbbTbt0swm7E7GE/govHhTx6s/ x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpxlsskYm+D6nhUijeQoGS36ea0ziU vBOOrqd+55FrIxJ1h+OUBzEdKBEJRtFKD/6T6PkGqe5Va27dnYEsE68gNSjQ7FW//H7CspgrZJIa0/XcFIOc ahRM8knFzwxPKRvRAe9aqmjMTZDPDp6QE6v0SZRoWwrJTP09kdPYmHEc2s6Y4tAselPxP6+bYXQZ5EKlGXLF 5ouiTBJMyPR70heaM5RjSyjTwt5K2JBqytBmVLEheIsvL5P2Wd1z697tea1xVcRRhiM4hlPw4AIacANNaAGDG J7hFd4c7bw4787HvLXkFDOH8AfO5w8AbZCG</latexit>
H+
<latexit sha1_base64="ismvlfp7wUW8AN9m9OG3GHT+eZo =">AAAB9HicbVDLSgMxFL2pr1pfVZdugkUQhDIjgi6LbrqsYB/QjiWTZtrQTGZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz0 5fiy4No7zjQpr6xubW8Xt0s7u3v5B+fCopaNEUdakkYhUxyeaCS5Z03AjWCdWjIS+YG1/fJf57QlTmkfywUxj5oVkKHnAKTFW 8nohMSNKRFqfPV70yxWn6syBV4mbkwrkaPTLX71BRJOQSUMF0brrOrHxUqIMp4LNSr1Es5jQMRmyrqWShEx76Tz0DJ9ZZYCDSN knDZ6rvzdSEmo9DX07mYXUy14m/ud1ExPceCmXcWKYpItDQSKwiXDWAB5wxagRU0sIVdxmxXREFKHG9lSyJbjLX14lrcuq61T d+6tK7TavowgncArn4MI11KAODWgChSd4hld4QxP0gt7Rx2K0gPKdY/gD9PkDneCR+w==</latexit><latexit sha1_base64="ismvlfp7wUW8AN9m9OG3GHT+eZo =">AAAB9HicbVDLSgMxFL2pr1pfVZdugkUQhDIjgi6LbrqsYB/QjiWTZtrQTGZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz0 5fiy4No7zjQpr6xubW8Xt0s7u3v5B+fCopaNEUdakkYhUxyeaCS5Z03AjWCdWjIS+YG1/fJf57QlTmkfywUxj5oVkKHnAKTFW 8nohMSNKRFqfPV70yxWn6syBV4mbkwrkaPTLX71BRJOQSUMF0brrOrHxUqIMp4LNSr1Es5jQMRmyrqWShEx76Tz0DJ9ZZYCDSN knDZ6rvzdSEmo9DX07mYXUy14m/ud1ExPceCmXcWKYpItDQSKwiXDWAB5wxagRU0sIVdxmxXREFKHG9lSyJbjLX14lrcuq61T d+6tK7TavowgncArn4MI11KAODWgChSd4hld4QxP0gt7Rx2K0gPKdY/gD9PkDneCR+w==</latexit><latexit sha1_base64="ismvlfp7wUW8AN9m9OG3GHT+eZo =">AAAB9HicbVDLSgMxFL2pr1pfVZdugkUQhDIjgi6LbrqsYB/QjiWTZtrQTGZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz0 5fiy4No7zjQpr6xubW8Xt0s7u3v5B+fCopaNEUdakkYhUxyeaCS5Z03AjWCdWjIS+YG1/fJf57QlTmkfywUxj5oVkKHnAKTFW 8nohMSNKRFqfPV70yxWn6syBV4mbkwrkaPTLX71BRJOQSUMF0brrOrHxUqIMp4LNSr1Es5jQMRmyrqWShEx76Tz0DJ9ZZYCDSN knDZ6rvzdSEmo9DX07mYXUy14m/ud1ExPceCmXcWKYpItDQSKwiXDWAB5wxagRU0sIVdxmxXREFKHG9lSyJbjLX14lrcuq61T d+6tK7TavowgncArn4MI11KAODWgChSd4hld4QxP0gt7Rx2K0gPKdY/gD9PkDneCR+w==</latexit><latexit sha1_base64="ismvlfp7wUW8AN9m9OG3GHT+eZo =">AAAB9HicbVDLSgMxFL2pr1pfVZdugkUQhDIjgi6LbrqsYB/QjiWTZtrQTGZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz0 5fiy4No7zjQpr6xubW8Xt0s7u3v5B+fCopaNEUdakkYhUxyeaCS5Z03AjWCdWjIS+YG1/fJf57QlTmkfywUxj5oVkKHnAKTFW 8nohMSNKRFqfPV70yxWn6syBV4mbkwrkaPTLX71BRJOQSUMF0brrOrHxUqIMp4LNSr1Es5jQMRmyrqWShEx76Tz0DJ9ZZYCDSN knDZ6rvzdSEmo9DX07mYXUy14m/ud1ExPceCmXcWKYpItDQSKwiXDWAB5wxagRU0sIVdxmxXREFKHG9lSyJbjLX14lrcuq61T d+6tK7TavowgncArn4MI11KAODWgChSd4hld4QxP0gt7Rx2K0gPKdY/gD9PkDneCR+w==</latexit>
w+
<latexit sha1_base64="w1y5U7Z7+wWGbm7Ce3bRxGxGrxw=">AAAB6nicbVBNS8NA EJ34WetX1aOXxSIIQklE0GPRi8eK9gPaWDbbTbt0swm7E6WE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUiheR4GS txLNaRRI3gyG1xO/+ci1EbG6x1HC/Yj2lQgFo2ilu6eH026p7FbcKcgi8XJShhy1bumr04tZGnGFTFJj2p6boJ9RjYJJPi52UsMTyoa0z9uWKhpx42fTU8fk2Co9EsbalkIyVX9 PZDQyZhQFtjOiODDz3kT8z2unGF76mVBJilyx2aIwlQRjMvmb9ITmDOXIEsq0sLcSNqCaMrTpFG0I3vzLi6RxVvHcind7Xq5e5XEU4BCO4AQ8uIAq3EAN6sCgD8/wCm+OdF6cd+d j1rrk5DMH8AfO5w//fo2Y</latexit><latexit sha1_base64="w1y5U7Z7+wWGbm7Ce3bRxGxGrxw=">AAAB6nicbVBNS8NA EJ34WetX1aOXxSIIQklE0GPRi8eK9gPaWDbbTbt0swm7E6WE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUiheR4GS txLNaRRI3gyG1xO/+ci1EbG6x1HC/Yj2lQgFo2ilu6eH026p7FbcKcgi8XJShhy1bumr04tZGnGFTFJj2p6boJ9RjYJJPi52UsMTyoa0z9uWKhpx42fTU8fk2Co9EsbalkIyVX9 PZDQyZhQFtjOiODDz3kT8z2unGF76mVBJilyx2aIwlQRjMvmb9ITmDOXIEsq0sLcSNqCaMrTpFG0I3vzLi6RxVvHcind7Xq5e5XEU4BCO4AQ8uIAq3EAN6sCgD8/wCm+OdF6cd+d j1rrk5DMH8AfO5w//fo2Y</latexit><latexit sha1_base64="w1y5U7Z7+wWGbm7Ce3bRxGxGrxw=">AAAB6nicbVBNS8NA EJ34WetX1aOXxSIIQklE0GPRi8eK9gPaWDbbTbt0swm7E6WE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUiheR4GS txLNaRRI3gyG1xO/+ci1EbG6x1HC/Yj2lQgFo2ilu6eH026p7FbcKcgi8XJShhy1bumr04tZGnGFTFJj2p6boJ9RjYJJPi52UsMTyoa0z9uWKhpx42fTU8fk2Co9EsbalkIyVX9 PZDQyZhQFtjOiODDz3kT8z2unGF76mVBJilyx2aIwlQRjMvmb9ITmDOXIEsq0sLcSNqCaMrTpFG0I3vzLi6RxVvHcind7Xq5e5XEU4BCO4AQ8uIAq3EAN6sCgD8/wCm+OdF6cd+d j1rrk5DMH8AfO5w//fo2Y</latexit><latexit sha1_base64="w1y5U7Z7+wWGbm7Ce3bRxGxGrxw=">AAAB6nicbVBNS8NA EJ34WetX1aOXxSIIQklE0GPRi8eK9gPaWDbbTbt0swm7E6WE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUiheR4GS txLNaRRI3gyG1xO/+ci1EbG6x1HC/Yj2lQgFo2ilu6eH026p7FbcKcgi8XJShhy1bumr04tZGnGFTFJj2p6boJ9RjYJJPi52UsMTyoa0z9uWKhpx42fTU8fk2Co9EsbalkIyVX9 PZDQyZhQFtjOiODDz3kT8z2unGF76mVBJilyx2aIwlQRjMvmb9ITmDOXIEsq0sLcSNqCaMrTpFG0I3vzLi6RxVvHcind7Xq5e5XEU4BCO4AQ8uIAq3EAN6sCgD8/wCm+OdF6cd+d j1rrk5DMH8AfO5w//fo2Y</latexit>
e 2⇡sw+
<latexit sha1_base64="9xKlSQn+M62FxERvm1HapVNQOjs=">AAAB+HicbVDLSgNBEOz1 GeMjqx69DAZBEMNuEPQY9OIxgnlAsgmzk04yZPbBzKwSl3yJFw+KePVTvPk3TpI9aGJBQ1HVTXeXHwuutON8Wyura+sbm7mt/PbO7l7B3j+oqyiRDGssEpFs+lSh4CHWNNcCm7FEGvgCG/ 7oZuo3HlAqHoX3ehyjF9BByPucUW2krl3ATnpebsecqAl57Jx17aJTcmYgy8TNSBEyVLv2V7sXsSTAUDNBlWq5Tqy9lErNmcBJvp0ojCkb0QG2DA1pgMpLZ4dPyIlReqQfSVOhJjP190RK A6XGgW86A6qHatGbiv95rUT3r7yUh3GiMWTzRf1EEB2RaQqkxyUyLcaGUCa5uZWwIZWUaZNV3oTgLr68TOrlkuuU3LuLYuU6iyMHR3AMp+DCJVTgFqpQAwYJPMMrvFlP1ov1bn3MW1esbO YQ/sD6/AFpB5JD</latexit><latexit sha1_base64="9xKlSQn+M62FxERvm1HapVNQOjs=">AAAB+HicbVDLSgNBEOz1 GeMjqx69DAZBEMNuEPQY9OIxgnlAsgmzk04yZPbBzKwSl3yJFw+KePVTvPk3TpI9aGJBQ1HVTXeXHwuutON8Wyura+sbm7mt/PbO7l7B3j+oqyiRDGssEpFs+lSh4CHWNNcCm7FEGvgCG/ 7oZuo3HlAqHoX3ehyjF9BByPucUW2krl3ATnpebsecqAl57Jx17aJTcmYgy8TNSBEyVLv2V7sXsSTAUDNBlWq5Tqy9lErNmcBJvp0ojCkb0QG2DA1pgMpLZ4dPyIlReqQfSVOhJjP190RK A6XGgW86A6qHatGbiv95rUT3r7yUh3GiMWTzRf1EEB2RaQqkxyUyLcaGUCa5uZWwIZWUaZNV3oTgLr68TOrlkuuU3LuLYuU6iyMHR3AMp+DCJVTgFqpQAwYJPMMrvFlP1ov1bn3MW1esbO YQ/sD6/AFpB5JD</latexit><latexit sha1_base64="9xKlSQn+M62FxERvm1HapVNQOjs=">AAAB+HicbVDLSgNBEOz1 GeMjqx69DAZBEMNuEPQY9OIxgnlAsgmzk04yZPbBzKwSl3yJFw+KePVTvPk3TpI9aGJBQ1HVTXeXHwuutON8Wyura+sbm7mt/PbO7l7B3j+oqyiRDGssEpFs+lSh4CHWNNcCm7FEGvgCG/ 7oZuo3HlAqHoX3ehyjF9BByPucUW2krl3ATnpebsecqAl57Jx17aJTcmYgy8TNSBEyVLv2V7sXsSTAUDNBlWq5Tqy9lErNmcBJvp0ojCkb0QG2DA1pgMpLZ4dPyIlReqQfSVOhJjP190RK A6XGgW86A6qHatGbiv95rUT3r7yUh3GiMWTzRf1EEB2RaQqkxyUyLcaGUCa5uZWwIZWUaZNV3oTgLr68TOrlkuuU3LuLYuU6iyMHR3AMp+DCJVTgFqpQAwYJPMMrvFlP1ov1bn3MW1esbO YQ/sD6/AFpB5JD</latexit><latexit sha1_base64="9xKlSQn+M62FxERvm1HapVNQOjs=">AAAB+HicbVDLSgNBEOz1 GeMjqx69DAZBEMNuEPQY9OIxgnlAsgmzk04yZPbBzKwSl3yJFw+KePVTvPk3TpI9aGJBQ1HVTXeXHwuutON8Wyura+sbm7mt/PbO7l7B3j+oqyiRDGssEpFs+lSh4CHWNNcCm7FEGvgCG/ 7oZuo3HlAqHoX3ehyjF9BByPucUW2krl3ATnpebsecqAl57Jx17aJTcmYgy8TNSBEyVLv2V7sXsSTAUDNBlWq5Tqy9lErNmcBJvp0ojCkb0QG2DA1pgMpLZ4dPyIlReqQfSVOhJjP190RK A6XGgW86A6qHatGbiv95rUT3r7yUh3GiMWTzRf1EEB2RaQqkxyUyLcaGUCa5uZWwIZWUaZNV3oTgLr68TOrlkuuU3LuLYuU6iyMHR3AMp+DCJVTgFqpQAwYJPMMrvFlP1ov1bn3MW1esbO YQ/sD6/AFpB5JD</latexit>
O(x)
O(y)
⇠
A
<latexit sha1_bas e64="BAeVOBC5ObWqGCFk52KlP7hcwRg= ">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LB bBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0I J/QVePCji1Z/kzX/jts1BWx8MPN6bYWZe kAiujet+O4W19Y3NreJ2aWd3b/+gfHjU 0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC2 8H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuO mXK27VnYOsEi8nFchR75e/eoOYpRFKww TVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNI ItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMo sJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUp oKYmMy+JgOukBkxsYQyxe2thI2ooszYb Eo2BG/55VXSuqh6btVrXFZqt3kcRTiBUz gHD66gBvdQhyYwQHiGV3hzHp0X5935WLQ WnHzmGP7A+fwBkt2MxQ==</latexit><latexit sha1_bas e64="BAeVOBC5ObWqGCFk52KlP7hcwRg= ">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LB bBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0I J/QVePCji1Z/kzX/jts1BWx8MPN6bYWZe kAiujet+O4W19Y3NreJ2aWd3b/+gfHjU 0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC2 8H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuO mXK27VnYOsEi8nFchR75e/eoOYpRFKww TVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNI ItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMo sJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUp oKYmMy+JgOukBkxsYQyxe2thI2ooszYb Eo2BG/55VXSuqh6btVrXFZqt3kcRTiBUz gHD66gBvdQhyYwQHiGV3hzHp0X5935WLQ WnHzmGP7A+fwBkt2MxQ==</latexit><latexit sha1_bas e64="BAeVOBC5ObWqGCFk52KlP7hcwRg= ">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LB bBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0I J/QVePCji1Z/kzX/jts1BWx8MPN6bYWZe kAiujet+O4W19Y3NreJ2aWd3b/+gfHjU 0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC2 8H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuO mXK27VnYOsEi8nFchR75e/eoOYpRFKww TVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNI ItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMo sJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUp oKYmMy+JgOukBkxsYQyxe2thI2ooszYb Eo2BG/55VXSuqh6btVrXFZqt3kcRTiBUz gHD66gBvdQhyYwQHiGV3hzHp0X5935WLQ WnHzmGP7A+fwBkt2MxQ==</latexit><latexit sha1_bas e64="BAeVOBC5ObWqGCFk52KlP7hcwRg= ">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LB bBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0I J/QVePCji1Z/kzX/jts1BWx8MPN6bYWZe kAiujet+O4W19Y3NreJ2aWd3b/+gfHjU 0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC2 8H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuO mXK27VnYOsEi8nFchR75e/eoOYpRFKww TVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNI ItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMo sJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUp oKYmMy+JgOukBkxsYQyxe2thI2ooszYb Eo2BG/55VXSuqh6btVrXFZqt3kcRTiBUz gHD66gBvdQhyYwQHiGV3hzHp0X5935WLQ WnHzmGP7A+fwBkt2MxQ==</latexit>
A¯<latexit sha1_base64="PjTI1X3daC/ ZwUfCQ052fYaiOHo=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPVi8cK9gP aUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNz q7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px3cxvP3FtRKIec ZLyIKZDJSLBKFqp3Qupzm+mfbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKl GwSSfVnqZ4SllYzrkXUsVjbkJ8vm5U3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVv Jv7ndTOMroNcqDRDrthiUZRJggmZ/U4GQnOGcmIJZVrYWwkbUU0Z2oQqNgR/+eVV0r qo+V7Nf7is1m+LOMpwAqdwDj5cQR3uoQFNYDCGZ3iFNyd1Xpx352PRWnKKmWP4A+f zB1Blj4o=</latexit><latexit sha1_base64="PjTI1X3daC/ ZwUfCQ052fYaiOHo=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPVi8cK9gP aUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNz q7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px3cxvP3FtRKIec ZLyIKZDJSLBKFqp3Qupzm+mfbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKl GwSSfVnqZ4SllYzrkXUsVjbkJ8vm5U3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVv Jv7ndTOMroNcqDRDrthiUZRJggmZ/U4GQnOGcmIJZVrYWwkbUU0Z2oQqNgR/+eVV0r qo+V7Nf7is1m+LOMpwAqdwDj5cQR3uoQFNYDCGZ3iFNyd1Xpx352PRWnKKmWP4A+f zB1Blj4o=</latexit><latexit sha1_base64="PjTI1X3daC/ ZwUfCQ052fYaiOHo=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPVi8cK9gP aUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNz q7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px3cxvP3FtRKIec ZLyIKZDJSLBKFqp3Qupzm+mfbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKl GwSSfVnqZ4SllYzrkXUsVjbkJ8vm5U3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVv Jv7ndTOMroNcqDRDrthiUZRJggmZ/U4GQnOGcmIJZVrYWwkbUU0Z2oQqNgR/+eVV0r qo+V7Nf7is1m+LOMpwAqdwDj5cQR3uoQFNYDCGZ3iFNyd1Xpx352PRWnKKmWP4A+f zB1Blj4o=</latexit><latexit sha1_base64="PjTI1X3daC/ ZwUfCQ052fYaiOHo=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPVi8cK9gP aUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNz q7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px3cxvP3FtRKIec ZLyIKZDJSLBKFqp3Qupzm+mfbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKl GwSSfVnqZ4SllYzrkXUsVjbkJ8vm5U3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVv Jv7ndTOMroNcqDRDrthiUZRJggmZ/U4GQnOGcmIJZVrYWwkbUU0Z2oQqNgR/+eVV0r qo+V7Nf7is1m+LOMpwAqdwDj5cQR3uoQFNYDCGZ3iFNyd1Xpx352PRWnKKmWP4A+f zB1Blj4o=</latexit>
mA
<latexit sha1_bas e64="6AB0rawL5G8AXBuJsGoczloD6L8= ">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoN gFe5E0DJqYxnRmEByhL3NXLJkd+/Y3RNC yE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvS gU31ve/vcLK6tr6RnGztLW9s7tX3j94NE mmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh 4M/WbT6gNT9SDHaUYStpXPOaMWifdy+5 Vt1zxq/4MZJkEOalAjnq3/NXpJSyTqCwT 1Jh24Kc2HFNtORM4KXUygyllQ9rHtqOKS jTheHbqhJw4pUfiRLtSlszU3xNjKo0Zyc h1SmoHZtGbiv957czGl+GYqzSzqNh8UZw JYhMy/Zv0uEZmxcgRyjR3txI2oJoy69Ip uRCCxZeXyeNZNfCrwd15pXadx1GEIziGU wjgAmpwC3VoAIM+PMMrvHnCe/HevY95a8 HLZw7hD7zPHxMujaU=</latexit><latexit sha1_bas e64="6AB0rawL5G8AXBuJsGoczloD6L8= ">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoN gFe5E0DJqYxnRmEByhL3NXLJkd+/Y3RNC yE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvS gU31ve/vcLK6tr6RnGztLW9s7tX3j94NE mmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh 4M/WbT6gNT9SDHaUYStpXPOaMWifdy+5 Vt1zxq/4MZJkEOalAjnq3/NXpJSyTqCwT 1Jh24Kc2HFNtORM4KXUygyllQ9rHtqOKS jTheHbqhJw4pUfiRLtSlszU3xNjKo0Zyc h1SmoHZtGbiv957czGl+GYqzSzqNh8UZw JYhMy/Zv0uEZmxcgRyjR3txI2oJoy69Ip uRCCxZeXyeNZNfCrwd15pXadx1GEIziGU wjgAmpwC3VoAIM+PMMrvHnCe/HevY95a8 HLZw7hD7zPHxMujaU=</latexit><latexit sha1_bas e64="6AB0rawL5G8AXBuJsGoczloD6L8= ">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoN gFe5E0DJqYxnRmEByhL3NXLJkd+/Y3RNC yE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvS gU31ve/vcLK6tr6RnGztLW9s7tX3j94NE mmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh 4M/WbT6gNT9SDHaUYStpXPOaMWifdy+5 Vt1zxq/4MZJkEOalAjnq3/NXpJSyTqCwT 1Jh24Kc2HFNtORM4KXUygyllQ9rHtqOKS jTheHbqhJw4pUfiRLtSlszU3xNjKo0Zyc h1SmoHZtGbiv957czGl+GYqzSzqNh8UZw JYhMy/Zv0uEZmxcgRyjR3txI2oJoy69Ip uRCCxZeXyeNZNfCrwd15pXadx1GEIziGU wjgAmpwC3VoAIM+PMMrvHnCe/HevY95a8 HLZw7hD7zPHxMujaU=</latexit><latexit sha1_bas e64="6AB0rawL5G8AXBuJsGoczloD6L8= ">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoN gFe5E0DJqYxnRmEByhL3NXLJkd+/Y3RNC yE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvS gU31ve/vcLK6tr6RnGztLW9s7tX3j94NE mmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh 4M/WbT6gNT9SDHaUYStpXPOaMWifdy+5 Vt1zxq/4MZJkEOalAjnq3/NXpJSyTqCwT 1Jh24Kc2HFNtORM4KXUygyllQ9rHtqOKS jTheHbqhJw4pUfiRLtSlszU3xNjKo0Zyc h1SmoHZtGbiv957czGl+GYqzSzqNh8UZw JYhMy/Zv0uEZmxcgRyjR3txI2oJoy69Ip uRCCxZeXyeNZNfCrwd15pXadx1GEIziGU wjgAmpwC3VoAIM+PMMrvHnCe/HevY95a8 HLZw7hD7zPHxMujaU=</latexit>
s
⇠
<latexit sha1_base64="1wGnoUZRraZ2SlTvRPCWqUe0y5M=">AAAB6nicbVBNS8 NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhU ijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+96T6JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIg YaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBA ZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1vljdU=</latexit><latexit sha1_base64="1wGnoUZRraZ2SlTvRPCWqUe0y5M=">AAAB6nicbVBNS8 NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhU ijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+96T6JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIg YaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBA ZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1vljdU=</latexit><latexit sha1_base64="1wGnoUZRraZ2SlTvRPCWqUe0y5M=">AAAB6nicbVBNS8 NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhU ijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+96T6JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIg YaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBA ZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1vljdU=</latexit><latexit sha1_base64="1wGnoUZRraZ2SlTvRPCWqUe0y5M=">AAAB6nicbVBNS8 NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhU ijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+96T6JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIg YaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBA ZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1vljdU=</latexit>
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Figure 1. The first rule pertains to a configuration of operator insertions (x, y) and entangling
surface mA such that the smallest length configuration of spacelike geodesics that meet at some
point ξ on the entangling surface with a local relative boost of rapidity 2pis. The modular flow
correlator is then computable as a sum of lengths. The right figure is a zoom of the left figure
showing only the transverse directions to mA.
`s(x, y) above (2.7). We will then discuss a heuristic derivation afte we have introduced
the rules. In a Section 4 we will give a more complete derivation using the replica trick,
but we would like to avoid discussions of replicas for now. We emphasize that these rules
do not give a complete solution to modular flow in the large m limit, however they are
sufficient to extract lots of interesting bulk physics.
Rule 1
Consider the piecewise geodesic from the boundary x in D(A) to ξ which is some location
on mA and back up to the boundary at y now in D(A¯) . If the two segments of the
piecewise geodesic are locally related via a boost around the location XA(ξ) (see Figure 1)
with rapidity 2pis then:〈O(x)∆isAO(y)〉 ≈ exp (−m [`(x,XA(ξ)) + `(XA(ξ), y)]) (2.10)
where the appropriate boundary regularization of the length is implied. We can construct
a piecewise curve x(τ) which includes both segments of the geodesic joined together at
τ = τm with 0 < τm < 1 and such that x(τm ± ) = XA(ξ). The local boost condition can
be written out explicitly using:
ni(τ) = e
−1∂τx(τ) ·Πi n±(τ) = e−1∂τx(τ) · k± (2.11)
such that:
(ni)∂a = (ni)∂a¯ (2.12)
(n+, n−)∂a = (e−2pisn+, e2pisn−)∂a¯ (2.13)
where the matching occurs approaching the extremal surface from either of the two entan-
glement wedges. The notation is such that ∂a : τ = τm −  and ∂a¯ : τ = τm + .
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A¯<latexit sha1_base64="PjTI1X3daC/ZwUfCQ 052fYaiOHo=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPVi8cK9gPaUDbbTbt0swm7E6GE /ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Q mq4FIo3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFqp3Qupzm+mfbfq1bw5yCrxC1KFA o2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vm5U3JmlQGJEm1LIZmrvydyGh sziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U4GQnOGcmIJZVrYWwkbUU0Z2oQqNgR/+eV V0rqo+V7Nf7is1m+LOMpwAqdwDj5cQR3uoQFNYDCGZ3iFNyd1Xpx352PRWnKKmWP4A+fzB1Blj4o= </latexit><latexit sha1_base64="PjTI1X3daC/ZwUfCQ 052fYaiOHo=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPVi8cK9gPaUDbbTbt0swm7E6GE /ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Q mq4FIo3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFqp3Qupzm+mfbfq1bw5yCrxC1KFA o2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vm5U3JmlQGJEm1LIZmrvydyGh sziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U4GQnOGcmIJZVrYWwkbUU0Z2oQqNgR/+eV V0rqo+V7Nf7is1m+LOMpwAqdwDj5cQR3uoQFNYDCGZ3iFNyd1Xpx352PRWnKKmWP4A+fzB1Blj4o= </latexit><latexit sha1_base64="PjTI1X3daC/ZwUfCQ 052fYaiOHo=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPVi8cK9gPaUDbbTbt0swm7E6GE /ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Q mq4FIo3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFqp3Qupzm+mfbfq1bw5yCrxC1KFA o2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vm5U3JmlQGJEm1LIZmrvydyGh sziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U4GQnOGcmIJZVrYWwkbUU0Z2oQqNgR/+eV V0rqo+V7Nf7is1m+LOMpwAqdwDj5cQR3uoQFNYDCGZ3iFNyd1Xpx352PRWnKKmWP4A+fzB1Blj4o= </latexit><latexit sha1_base64="PjTI1X3daC/ZwUfCQ 052fYaiOHo=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPVi8cK9gPaUDbbTbt0swm7E6GE /ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Q mq4FIo3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFqp3Qupzm+mfbfq1bw5yCrxC1KFA o2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vm5U3JmlQGJEm1LIZmrvydyGh sziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U4GQnOGcmIJZVrYWwkbUU0Z2oQqNgR/+eV V0rqo+V7Nf7is1m+LOMpwAqdwDj5cQR3uoQFNYDCGZ3iFNyd1Xpx352PRWnKKmWP4A+fzB1Blj4o= </latexit>
mA
<latexit sha1_base64="6AB0rawL5G8AXBuJs GoczloD6L8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJqYxnRmEByhL3NXLJkd+/Y3RNCy E+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiq hBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdy+5Vt1zxq/4MZJkEOalAjnq3/NX pJSyTqCwT1Jh24Kc2HFNtORM4KXUygyllQ9rHtqOKSjTheHbqhJw4pUfiRLtSlszU3xNjKo0Zych1S moHZtGbiv957czGl+GYqzSzqNh8UZwJYhMy/Zv0uEZmxcgRyjR3txI2oJoy69IpuRCCxZeXyeNZNf Crwd15pXadx1GEIziGUwjgAmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPHxMujaU=</latexi t><latexit sha1_base64="6AB0rawL5G8AXBuJs GoczloD6L8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJqYxnRmEByhL3NXLJkd+/Y3RNCy E+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiq hBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdy+5Vt1zxq/4MZJkEOalAjnq3/NX pJSyTqCwT1Jh24Kc2HFNtORM4KXUygyllQ9rHtqOKSjTheHbqhJw4pUfiRLtSlszU3xNjKo0Zych1S moHZtGbiv957czGl+GYqzSzqNh8UZwJYhMy/Zv0uEZmxcgRyjR3txI2oJoy69IpuRCCxZeXyeNZNf Crwd15pXadx1GEIziGUwjgAmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPHxMujaU=</latexi t><latexit sha1_base64="6AB0rawL5G8AXBuJs GoczloD6L8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJqYxnRmEByhL3NXLJkd+/Y3RNCy E+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiq hBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdy+5Vt1zxq/4MZJkEOalAjnq3/NX pJSyTqCwT1Jh24Kc2HFNtORM4KXUygyllQ9rHtqOKSjTheHbqhJw4pUfiRLtSlszU3xNjKo0Zych1S moHZtGbiv957czGl+GYqzSzqNh8UZwJYhMy/Zv0uEZmxcgRyjR3txI2oJoy69IpuRCCxZeXyeNZNf Crwd15pXadx1GEIziGUwjgAmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPHxMujaU=</latexi t><latexit sha1_base64="6AB0rawL5G8AXBuJs GoczloD6L8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJqYxnRmEByhL3NXLJkd+/Y3RNCy E+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiq hBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdy+5Vt1zxq/4MZJkEOalAjnq3/NX pJSyTqCwT1Jh24Kc2HFNtORM4KXUygyllQ9rHtqOKSjTheHbqhJw4pUfiRLtSlszU3xNjKo0Zych1S moHZtGbiv957czGl+GYqzSzqNh8UZwJYhMy/Zv0uEZmxcgRyjR3txI2oJoy69IpuRCCxZeXyeNZNf Crwd15pXadx1GEIziGUwjgAmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPHxMujaU=</latexi t>
s
⇠
<latexit sha1_base64="1wGnoUZRraZ2SlTvRPCWqUe0y5M=">AAAB6nicbVBNS8NAEJ3Ur1q/q h69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEn C/YgOlQgFo2il+96T6JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms 7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1vljdU=</latexit><latexit sha1_base64="1wGnoUZRraZ2SlTvRPCWqUe0y5M=">AAAB6nicbVBNS8NAEJ3Ur1q/q h69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEn C/YgOlQgFo2il+96T6JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms 7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1vljdU=</latexit><latexit sha1_base64="1wGnoUZRraZ2SlTvRPCWqUe0y5M=">AAAB6nicbVBNS8NAEJ3Ur1q/q h69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEn C/YgOlQgFo2il+96T6JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms 7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1vljdU=</latexit><latexit sha1_base64="1wGnoUZRraZ2SlTvRPCWqUe0y5M=">AAAB6nicbVBNS8NAEJ3Ur1q/q h69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEn C/YgOlQgFo2il+96T6JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms 7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1vljdU=</latexit>
⇠?
<latexit sha1_base64="iqJkimXF3dQAj2SJ3 2DI0rztt0Q=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKtlWaUDbbTbt0swm7E7GE /govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpxlsskYm+D 6nhUijeQoGS36ea0ziUvBOOrqd+55FrIxJ1h+OUBzEdKBEJRtFKD/6T6PkGqe5Va27dnYEsE68gNS jQ7FW//H7CspgrZJIa0/XcFIOcahRM8knFzwxPKRvRAe9aqmjMTZDPDp6QE6v0SZRoWwrJTP09kd PYmHEc2s6Y4tAselPxP6+bYXQZ5EKlGXLF5ouiTBJMyPR70heaM5RjSyjTwt5K2JBqytBmVLEheIs vL5P2Wd1z697tea1xVcRRhiM4hlPw4AIacANNaAGDGJ7hFd4c7bw4787HvLXkFDOH8AfO5w8AbZCG </latexit><latexit sha1_base64="iqJkimXF3dQAj2SJ3 2DI0rztt0Q=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKtlWaUDbbTbt0swm7E7GE /govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpxlsskYm+D 6nhUijeQoGS36ea0ziUvBOOrqd+55FrIxJ1h+OUBzEdKBEJRtFKD/6T6PkGqe5Va27dnYEsE68gNS jQ7FW//H7CspgrZJIa0/XcFIOcahRM8knFzwxPKRvRAe9aqmjMTZDPDp6QE6v0SZRoWwrJTP09kd PYmHEc2s6Y4tAselPxP6+bYXQZ5EKlGXLF5ouiTBJMyPR70heaM5RjSyjTwt5K2JBqytBmVLEheIs vL5P2Wd1z697tea1xVcRRhiM4hlPw4AIacANNaAGDGJ7hFd4c7bw4787HvLXkFDOH8AfO5w8AbZCG </latexit><latexit sha1_base64="iqJkimXF3dQAj2SJ3 2DI0rztt0Q=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKtlWaUDbbTbt0swm7E7GE /govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpxlsskYm+D 6nhUijeQoGS36ea0ziUvBOOrqd+55FrIxJ1h+OUBzEdKBEJRtFKD/6T6PkGqe5Va27dnYEsE68gNS jQ7FW//H7CspgrZJIa0/XcFIOcahRM8knFzwxPKRvRAe9aqmjMTZDPDp6QE6v0SZRoWwrJTP09kd PYmHEc2s6Y4tAselPxP6+bYXQZ5EKlGXLF5ouiTBJMyPR70heaM5RjSyjTwt5K2JBqytBmVLEheIs vL5P2Wd1z697tea1xVcRRhiM4hlPw4AIacANNaAGDGJ7hFd4c7bw4787HvLXkFDOH8AfO5w8AbZCG </latexit><latexit sha1_base64="iqJkimXF3dQAj2SJ3 2DI0rztt0Q=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKtlWaUDbbTbt0swm7E7GE /govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpxlsskYm+D 6nhUijeQoGS36ea0ziUvBOOrqd+55FrIxJ1h+OUBzEdKBEJRtFKD/6T6PkGqe5Va27dnYEsE68gNS jQ7FW//H7CspgrZJIa0/XcFIOcahRM8knFzwxPKRvRAe9aqmjMTZDPDp6QE6v0SZRoWwrJTP09kd PYmHEc2s6Y4tAselPxP6+bYXQZ5EKlGXLF5ouiTBJMyPR70heaM5RjSyjTwt5K2JBqytBmVLEheIs vL5P2Wd1z697tea1xVcRRhiM4hlPw4AIacANNaAGDGJ7hFd4c7bw4787HvLXkFDOH8AfO5w8AbZCG </latexit>
H+
<latexit sha1_base64="ismvlfp7wUW8AN9m9OG3GHT +eZo=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkUQhDIjgi6LbrqsYB/QjiWTZtrQTGZMMoUy9DvcuFDErR/jzr8x08 5CWw8EDufcyz05fiy4No7zjQpr6xubW8Xt0s7u3v5B+fCopaNEUdakkYhUxyeaCS5Z03AjWCdWjIS+YG1/fJf57Q lTmkfywUxj5oVkKHnAKTFW8nohMSNKRFqfPV70yxWn6syBV4mbkwrkaPTLX71BRJOQSUMF0brrOrHxUqIMp4LNSr1 Es5jQMRmyrqWShEx76Tz0DJ9ZZYCDSNknDZ6rvzdSEmo9DX07mYXUy14m/ud1ExPceCmXcWKYpItDQSKwiXDWAB5w xagRU0sIVdxmxXREFKHG9lSyJbjLX14lrcuq61Td+6tK7TavowgncArn4MI11KAODWgChSd4hld4QxP0gt7Rx2K0g PKdY/gD9PkDneCR+w==</latexit><latexit sha1_base64="ismvlfp7wUW8AN9m9OG3GHT +eZo=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkUQhDIjgi6LbrqsYB/QjiWTZtrQTGZMMoUy9DvcuFDErR/jzr8x08 5CWw8EDufcyz05fiy4No7zjQpr6xubW8Xt0s7u3v5B+fCopaNEUdakkYhUxyeaCS5Z03AjWCdWjIS+YG1/fJf57Q lTmkfywUxj5oVkKHnAKTFW8nohMSNKRFqfPV70yxWn6syBV4mbkwrkaPTLX71BRJOQSUMF0brrOrHxUqIMp4LNSr1 Es5jQMRmyrqWShEx76Tz0DJ9ZZYCDSNknDZ6rvzdSEmo9DX07mYXUy14m/ud1ExPceCmXcWKYpItDQSKwiXDWAB5w xagRU0sIVdxmxXREFKHG9lSyJbjLX14lrcuq61Td+6tK7TavowgncArn4MI11KAODWgChSd4hld4QxP0gt7Rx2K0g PKdY/gD9PkDneCR+w==</latexit><latexit sha1_base64="ismvlfp7wUW8AN9m9OG3GHT +eZo=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkUQhDIjgi6LbrqsYB/QjiWTZtrQTGZMMoUy9DvcuFDErR/jzr8x08 5CWw8EDufcyz05fiy4No7zjQpr6xubW8Xt0s7u3v5B+fCopaNEUdakkYhUxyeaCS5Z03AjWCdWjIS+YG1/fJf57Q lTmkfywUxj5oVkKHnAKTFW8nohMSNKRFqfPV70yxWn6syBV4mbkwrkaPTLX71BRJOQSUMF0brrOrHxUqIMp4LNSr1 Es5jQMRmyrqWShEx76Tz0DJ9ZZYCDSNknDZ6rvzdSEmo9DX07mYXUy14m/ud1ExPceCmXcWKYpItDQSKwiXDWAB5w xagRU0sIVdxmxXREFKHG9lSyJbjLX14lrcuq61Td+6tK7TavowgncArn4MI11KAODWgChSd4hld4QxP0gt7Rx2K0g PKdY/gD9PkDneCR+w==</latexit><latexit sha1_base64="ismvlfp7wUW8AN9m9OG3GHT +eZo=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkUQhDIjgi6LbrqsYB/QjiWTZtrQTGZMMoUy9DvcuFDErR/jzr8x08 5CWw8EDufcyz05fiy4No7zjQpr6xubW8Xt0s7u3v5B+fCopaNEUdakkYhUxyeaCS5Z03AjWCdWjIS+YG1/fJf57Q lTmkfywUxj5oVkKHnAKTFW8nohMSNKRFqfPV70yxWn6syBV4mbkwrkaPTLX71BRJOQSUMF0brrOrHxUqIMp4LNSr1 Es5jQMRmyrqWShEx76Tz0DJ9ZZYCDSNknDZ6rvzdSEmo9DX07mYXUy14m/ud1ExPceCmXcWKYpItDQSKwiXDWAB5w xagRU0sIVdxmxXREFKHG9lSyJbjLX14lrcuq61Td+6tK7TavowgncArn4MI11KAODWgChSd4hld4QxP0gt7Rx2K0g PKdY/gD9PkDneCR+w==</latexit>
w+
<latexit sha1_base64="w1y5U7Z7+wWGbm7Ce3bRxGxGrxw=">AAAB6nicbVBNS8NAEJ34 WetX1aOXxSIIQklE0GPRi8eK9gPaWDbbTbt0swm7E6WE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUiheR4GStxLNaRRI3gy G1xO/+ci1EbG6x1HC/Yj2lQgFo2ilu6eH026p7FbcKcgi8XJShhy1bumr04tZGnGFTFJj2p6boJ9RjYJJPi52UsMTyoa0z9uWKhpx42fTU8fk2Co9EsbalkIyVX9PZDQyZhQFtjOiODDz3k T8z2unGF76mVBJilyx2aIwlQRjMvmb9ITmDOXIEsq0sLcSNqCaMrTpFG0I3vzLi6RxVvHcind7Xq5e5XEU4BCO4AQ8uIAq3EAN6sCgD8/wCm+OdF6cd+dj1rrk5DMH8AfO5w//fo2Y</lat exit><latexit sha1_base64="w1y5U7Z7+wWGbm7Ce3bRxGxGrxw=">AAAB6nicbVBNS8NAEJ34 WetX1aOXxSIIQklE0GPRi8eK9gPaWDbbTbt0swm7E6WE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUiheR4GStxLNaRRI3gy G1xO/+ci1EbG6x1HC/Yj2lQgFo2ilu6eH026p7FbcKcgi8XJShhy1bumr04tZGnGFTFJj2p6boJ9RjYJJPi52UsMTyoa0z9uWKhpx42fTU8fk2Co9EsbalkIyVX9PZDQyZhQFtjOiODDz3k T8z2unGF76mVBJilyx2aIwlQRjMvmb9ITmDOXIEsq0sLcSNqCaMrTpFG0I3vzLi6RxVvHcind7Xq5e5XEU4BCO4AQ8uIAq3EAN6sCgD8/wCm+OdF6cd+dj1rrk5DMH8AfO5w//fo2Y</lat exit><latexit sha1_base64="w1y5U7Z7+wWGbm7Ce3bRxGxGrxw=">AAAB6nicbVBNS8NAEJ34 WetX1aOXxSIIQklE0GPRi8eK9gPaWDbbTbt0swm7E6WE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUiheR4GStxLNaRRI3gy G1xO/+ci1EbG6x1HC/Yj2lQgFo2ilu6eH026p7FbcKcgi8XJShhy1bumr04tZGnGFTFJj2p6boJ9RjYJJPi52UsMTyoa0z9uWKhpx42fTU8fk2Co9EsbalkIyVX9PZDQyZhQFtjOiODDz3k T8z2unGF76mVBJilyx2aIwlQRjMvmb9ITmDOXIEsq0sLcSNqCaMrTpFG0I3vzLi6RxVvHcind7Xq5e5XEU4BCO4AQ8uIAq3EAN6sCgD8/wCm+OdF6cd+dj1rrk5DMH8AfO5w//fo2Y</lat exit><latexit sha1_base64="w1y5U7Z7+wWGbm7Ce3bRxGxGrxw=">AAAB6nicbVBNS8NAEJ34 WetX1aOXxSIIQklE0GPRi8eK9gPaWDbbTbt0swm7E6WE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUiheR4GStxLNaRRI3gy G1xO/+ci1EbG6x1HC/Yj2lQgFo2ilu6eH026p7FbcKcgi8XJShhy1bumr04tZGnGFTFJj2p6boJ9RjYJJPi52UsMTyoa0z9uWKhpx42fTU8fk2Co9EsbalkIyVX9PZDQyZhQFtjOiODDz3k T8z2unGF76mVBJilyx2aIwlQRjMvmb9ITmDOXIEsq0sLcSNqCaMrTpFG0I3vzLi6RxVvHcind7Xq5e5XEU4BCO4AQ8uIAq3EAN6sCgD8/wCm+OdF6cd+dj1rrk5DMH8AfO5w//fo2Y</lat exit>
e 2⇡s +
<latexit sha1_base64="9xKlSQn+M62FxERvm1HapVNQOjs=">AAAB+HicbVDLSgNBEOz1GeMj qx69DAZBEMNuEPQY9OIxgnlAsgmzk04yZPbBzKwSl3yJFw+KePVTvPk3TpI9aGJBQ1HVTXeXHwuutON8Wyura+sbm7mt/PbO7l7B3j+oqyiRDGssEpFs+lSh4CHWNNcCm7FEGvgCG/7oZuo3HlAqHo X3ehyjF9BByPucUW2krl3ATnpebsecqAl57Jx17aJTcmYgy8TNSBEyVLv2V7sXsSTAUDNBlWq5Tqy9lErNmcBJvp0ojCkb0QG2DA1pgMpLZ4dPyIlReqQfSVOhJjP190RKA6XGgW86A6qHatGbiv95 rUT3r7yUh3GiMWTzRf1EEB2RaQqkxyUyLcaGUCa5uZWwIZWUaZNV3oTgLr68TOrlkuuU3LuLYuU6iyMHR3AMp+DCJVTgFqpQAwYJPMMrvFlP1ov1bn3MW1esbOYQ/sD6/AFpB5JD</latexit><latexit sha1_base64="9xKlSQn+M62FxERvm1HapVNQOjs=">AAAB+HicbVDLSgNBEOz1GeMj qx69DAZBEMNuEPQY9OIxgnlAsgmzk04yZPbBzKwSl3yJFw+KePVTvPk3TpI9aGJBQ1HVTXeXHwuutON8Wyura+sbm7mt/PbO7l7B3j+oqyiRDGssEpFs+lSh4CHWNNcCm7FEGvgCG/7oZuo3HlAqHo X3ehyjF9BByPucUW2krl3ATnpebsecqAl57Jx17aJTcmYgy8TNSBEyVLv2V7sXsSTAUDNBlWq5Tqy9lErNmcBJvp0ojCkb0QG2DA1pgMpLZ4dPyIlReqQfSVOhJjP190RKA6XGgW86A6qHatGbiv95 rUT3r7yUh3GiMWTzRf1EEB2RaQqkxyUyLcaGUCa5uZWwIZWUaZNV3oTgLr68TOrlkuuU3LuLYuU6iyMHR3AMp+DCJVTgFqpQAwYJPMMrvFlP1ov1bn3MW1esbOYQ/sD6/AFpB5JD</latexit><latexit sha1_base64="9xKlSQn+M62FxERvm1HapVNQOjs=">AAAB+HicbVDLSgNBEOz1GeMj qx69DAZBEMNuEPQY9OIxgnlAsgmzk04yZPbBzKwSl3yJFw+KePVTvPk3TpI9aGJBQ1HVTXeXHwuutON8Wyura+sbm7mt/PbO7l7B3j+oqyiRDGssEpFs+lSh4CHWNNcCm7FEGvgCG/7oZuo3HlAqHo X3ehyjF9BByPucUW2krl3ATnpebsecqAl57Jx17aJTcmYgy8TNSBEyVLv2V7sXsSTAUDNBlWq5Tqy9lErNmcBJvp0ojCkb0QG2DA1pgMpLZ4dPyIlReqQfSVOhJjP190RKA6XGgW86A6qHatGbiv95 rUT3r7yUh3GiMWTzRf1EEB2RaQqkxyUyLcaGUCa5uZWwIZWUaZNV3oTgLr68TOrlkuuU3LuLYuU6iyMHR3AMp+DCJVTgFqpQAwYJPMMrvFlP1ov1bn3MW1esbOYQ/sD6/AFpB5JD</latexit><latexit sha1_base64="9xKlSQn+M62FxERvm1HapVNQOjs=">AAAB+HicbVDLSgNBEOz1GeMj qx69DAZBEMNuEPQY9OIxgnlAsgmzk04yZPbBzKwSl3yJFw+KePVTvPk3TpI9aGJBQ1HVTXeXHwuutON8Wyura+sbm7mt/PbO7l7B3j+oqyiRDGssEpFs+lSh4CHWNNcCm7FEGvgCG/7oZuo3HlAqHo X3ehyjF9BByPucUW2krl3ATnpebsecqAl57Jx17aJTcmYgy8TNSBEyVLv2V7sXsSTAUDNBlWq5Tqy9lErNmcBJvp0ojCkb0QG2DA1pgMpLZ4dPyIlReqQfSVOhJjP190RKA6XGgW86A6qHatGbiv95 rUT3r7yUh3GiMWTzRf1EEB2RaQqkxyUyLcaGUCa5uZWwIZWUaZNV3oTgLr68TOrlkuuU3LuLYuU6iyMHR3AMp+DCJVTgFqpQAwYJPMMrvFlP1ov1bn3MW1esbOYQ/sD6/AFpB5JD</latexit>
O(x)
O(y)
⇠
A
<latexit sha1_base 64="BAeVOBC5ObWqGCFk52KlP7hcwRg="> AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0l E0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVeP Cji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+ O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLG LVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpH ssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8 nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAq elXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgr W9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJ rP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyx e2thI2ooszYbEo2BG/55VXSuqh6btVrXFZq t3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0 X5935WLQWnHzmGP7A+fwBkt2MxQ==</lat exit><latexit sha1_base 64="BAeVOBC5ObWqGCFk52KlP7hcwRg="> AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0l E0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVeP Cji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+ O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLG LVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpH ssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8 nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAq elXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgr W9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJ rP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyx e2thI2ooszYbEo2BG/55VXSuqh6btVrXFZq t3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0 X5935WLQWnHzmGP7A+fwBkt2MxQ==</lat exit><latexit sha1_base 64="BAeVOBC5ObWqGCFk52KlP7hcwRg="> AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0l E0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVeP Cji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+ O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLG LVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpH ssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8 nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAq elXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgr W9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJ rP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyx e2thI2ooszYbEo2BG/55VXSuqh6btVrXFZq t3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0 X5935WLQWnHzmGP7A+fwBkt2MxQ==</lat exit><latexit sha1_base 64="BAeVOBC5ObWqGCFk52KlP7hcwRg="> AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0l E0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVeP Cji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+ O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLG LVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpH ssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8 nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAq elXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgr W9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJ rP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyx e2thI2ooszYbEo2BG/55VXSuqh6btVrXFZq t3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0 X5935WLQWnHzmGP7A+fwBkt2MxQ==</lat exit>
A¯<latexit sha1_base64="PjTI1X3daC/Zw UfCQ052fYaiOHo=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPVi8cK9gPaUDbb Tbt0swm7E6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2 z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKF qp3Qupzm+mfbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzr kXUsVjbkJ8vm5U3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthi UZRJggmZ/U4GQnOGcmIJZVrYWwkbUU0Z2oQqNgR/+eVV0rqo+V7Nf7is1m+LOMpwAqdwD j5cQR3uoQFNYDCGZ3iFNyd1Xpx352PRWnKKmWP4A+fzB1Blj4o=</latexit><latexit sha1_base64="PjTI1X3daC/Zw UfCQ052fYaiOHo=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPVi8cK9gPaUDbb Tbt0swm7E6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2 z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKF qp3Qupzm+mfbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzr kXUsVjbkJ8vm5U3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthi UZRJggmZ/U4GQnOGcmIJZVrYWwkbUU0Z2oQqNgR/+eVV0rqo+V7Nf7is1m+LOMpwAqdwD j5cQR3uoQFNYDCGZ3iFNyd1Xpx352PRWnKKmWP4A+fzB1Blj4o=</latexit><latexit sha1_base64="PjTI1X3daC/Zw UfCQ052fYaiOHo=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPVi8cK9gPaUDbb Tbt0swm7E6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2 z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKF qp3Qupzm+mfbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzr kXUsVjbkJ8vm5U3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthi UZRJggmZ/U4GQnOGcmIJZVrYWwkbUU0Z2oQqNgR/+eVV0rqo+V7Nf7is1m+LOMpwAqdwD j5cQR3uoQFNYDCGZ3iFNyd1Xpx352PRWnKKmWP4A+fzB1Blj4o=</latexit><latexit sha1_base64="PjTI1X3daC/Zw UfCQ052fYaiOHo=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPVi8cK9gPaUDbb Tbt0swm7E6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2 z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKF qp3Qupzm+mfbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzr kXUsVjbkJ8vm5U3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthi UZRJggmZ/U4GQnOGcmIJZVrYWwkbUU0Z2oQqNgR/+eVV0rqo+V7Nf7is1m+LOMpwAqdwD j5cQR3uoQFNYDCGZ3iFNyd1Xpx352PRWnKKmWP4A+fzB1Blj4o=</latexit>
mA
<latexit sha1_base 64="6AB0rawL5G8AXBuJsGoczloD6L8=">A AAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5 E0DJqYxnRmEByhL3NXLJkd+/Y3RNCyE+wsV DE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/v cLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLd iqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9 SDHaUYStpXPOaMWifdy+5Vt1zxq/4MZJkEO alAjnq3/NXpJSyTqCwT1Jh24Kc2HFNtORM4 KXUygyllQ9rHtqOKSjTheHbqhJw4pUfiRLt SlszU3xNjKo0Zych1SmoHZtGbiv957czGl+ GYqzSzqNh8UZwJYhMy/Zv0uEZmxcgRyjR3 txI2oJoy69IpuRCCxZeXyeNZNfCrwd15pXa dx1GEIziGUwjgAmpwC3VoAIM+PMMrvHnCe/ HevY95a8HLZw7hD7zPHxMujaU=</latexit ><latexit sha1_base 64="6AB0rawL5G8AXBuJsGoczloD6L8=">A AAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5 E0DJqYxnRmEByhL3NXLJkd+/Y3RNCyE+wsV DE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/v cLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLd iqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9 SDHaUYStpXPOaMWifdy+5Vt1zxq/4MZJkEO alAjnq3/NXpJSyTqCwT1Jh24Kc2HFNtORM4 KXUygyllQ9rHtqOKSjTheHbqhJw4pUfiRLt SlszU3xNjKo0Zych1SmoHZtGbiv957czGl+ GYqzSzqNh8UZwJYhMy/Zv0uEZmxcgRyjR3 txI2oJoy69IpuRCCxZeXyeNZNfCrwd15pXa dx1GEIziGUwjgAmpwC3VoAIM+PMMrvHnCe/ HevY95a8HLZw7hD7zPHxMujaU=</latexit ><latexit sha1_base 64="6AB0rawL5G8AXBuJsGoczloD6L8=">A AAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5 E0DJqYxnRmEByhL3NXLJkd+/Y3RNCyE+wsV DE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/v cLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLd iqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9 SDHaUYStpXPOaMWifdy+5Vt1zxq/4MZJkEO alAjnq3/NXpJSyTqCwT1Jh24Kc2HFNtORM4 KXUygyllQ9rHtqOKSjTheHbqhJw4pUfiRLt SlszU3xNjKo0Zych1SmoHZtGbiv957czGl+ GYqzSzqNh8UZwJYhMy/Zv0uEZmxcgRyjR3 txI2oJoy69IpuRCCxZeXyeNZNfCrwd15pXa dx1GEIziGUwjgAmpwC3VoAIM+PMMrvHnCe/ HevY95a8HLZw7hD7zPHxMujaU=</latexit ><latexit sha1_base 64="6AB0rawL5G8AXBuJsGoczloD6L8=">A AAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5 E0DJqYxnRmEByhL3NXLJkd+/Y3RNCyE+wsV DE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/v cLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLd iqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9 SDHaUYStpXPOaMWifdy+5Vt1zxq/4MZJkEO alAjnq3/NXpJSyTqCwT1Jh24Kc2HFNtORM4 KXUygyllQ9rHtqOKSjTheHbqhJw4pUfiRLt SlszU3xNjKo0Zych1SmoHZtGbiv957czGl+ GYqzSzqNh8UZwJYhMy/Zv0uEZmxcgRyjR3 txI2oJoy69IpuRCCxZeXyeNZNfCrwd15pXa dx1GEIziGUwjgAmpwC3VoAIM+PMMrvHnCe/ HevY95a8HLZw7hD7zPHxMujaU=</latexit >
s
⇠
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Figure 2. The second rule pertains to a small deformation of the picture in 1. In other words first
order deformations in the parameters that lead to computable modular flow are still computable
to second order in those deformations using a set of spacelike geodesics that meets on the actual
entangling surface. The right figure shows an alternative description which is useful for calculations.
Note that a choice to match in a related way along H− would lead to the same result.
Note that this will only work for a co-dimension one slice of the 2d + 1 parameters
{x, y; s} specified in the correlator. One way to find such a set {x, y; s} is to leave unspecified
s and minimize over the point ξ on the surface mA. This minimization procedure then
guarantees that the i components of (2.12) match smoothly. After which we can compute
s as:
s = s(x, y) ≡ 1
4pi
ln
[(
∂τx(τm) · k+
∂τx(τm) · k−
)
∂a
(
∂τx(τm) · k−
∂τx(τm) · k+
)
∂a¯
]
(2.14)
such that the other components of (2.13) are satisfied. Since ξ(x, y) are unspecified pa-
rameters that are fixed by the minimization procedure it is clear that we have determined
a 2d slice of parameter space, which we might write {x, y; s(x, y)}.
Rule 2
The second rule pertains to a small deformation of the above rule. Consider the set
of parameters {x, y; s?} and entangling cut ∂A which satisfy Rule 1 with the geodesic
intersecting mA at ξ?. If we deform either s or the location of the entangling cut on the
boundary A→ B then we claim that up to and including first order in these deformations
we can still compute the leading classical contribution. The answer is:〈O(x)∆isBO(y)〉 ≈ exp (−m [`(x,XB(ξ)) + `(XB(ξ), y) +O(δ2)]) (2.15)
where δ includes either δs = (s− s?) or δz± where the later are the resulting small defor-
mations, in the null normal directions, of the RT entangling surface at the point ξ?. These
deformations are a result of deforming the boundary region ∂A→ ∂B.
We note that there is an ambiguity in moving the coordinate from the initial location
ξ? on mA (satisfying the conditions in Rule 1) to the point ξ on mB. As long as we
transport the coordinates as we move the surface in a smooth continuous fashion then this
ambiguity will only effect the O()2 correction and so we may safely ignore this issue. This
is because of the momentum conservation of the undeformed geodesics transverse to the
surface (2.12). To make a slightly more specific choice we will transport those coordinates
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that are along the surface mA, perpendicular to the surface. This natural choice can be
specified in Gaussian normal coordinates:
ds2 = −dw+dw− + hijdξidξj +O(w) (2.16)
where α, β = ± are the null coordinates perpendicular to the surface. The original entan-
gling surface mA lives at w
± = 0 and the deformed surface lives at B : w± = δz±(ξ). If
the geodesic originally intersects mA at some ξ
i
? then we simply take the point on B to be
at (ξ?, w
± = δz±(ξ?)).
We can give a slightly different version of rule 2 that is convenient for calculations
later. Consider, close to the entangling surface, the null surfaces ∂ (Eb ∪ Eb¯) = H+ ∪ H−.
These can be defined as the interesecting light-sheets shot out from mB to the past and
future. In the coordinates of (2.16) they sit at w+ = 0 or w− = 0.
Take one of these surfaces, say H+, and pick some point Z ∈ H+ which is assumed to
be close to the entangling surface mB. We then construct a piecewise continuous geodesic
that passes from the boundary at x to this null surface at Z and then from the boosted
point e−2pisχ(Z) on the null surface back to the boundary at y. Here χ is a vector field that
is locally a boost at mB but otherwise away from the surface it is arbitrarily specified. In
the coordinates of (2.16) we can pick this to be:
χ = w+∂+ − w−∂− (2.17)
We claim that extremizing over Z determines the correlator up to O(w+)2 corrections in
the length: 〈O(x)∆isBO(y)〉 ≈ ext
Z∈H+
exp
(−m (`(x, Z) + `(e−2pisχ(Z), y))) (2.18)
This can be seen to be equivalent to Rule 2 as follows. Working in Guassian normal
coordinates we have Z = (w+, ξi) such that e−2pisχ(Z) = (e−2pisw+, ξi). Assuming the
geodesics pass close to the entangling surface at ξ? then we can approximate the length by
varying the worldline action in (2.2) about the solution that does go to ξ?:
δSW =
m
e
δxνgµν∂τx
µ (2.19)
Applying this to both segments of the geodesic we can calculate the approximate length of
the total geodesic:
`(x,XB(ξ?)) + `(XB(ξ?), y) + w
+
(
(n+)∂b − e−2pis(n+)∂b¯
)
(2.20)
+ (ξi − ξi?) ((ni)∂b − (ni)∂b¯) +O(δ2)
where δ is one of either w+ or (ξi − ξi?). Including these quadratic order terms, which we
assume generically do not vanish, we can extremize over w+ and ξi. We find the conditions
in (2.12-2.13) are approximately satisfied up to O(δ) corrections and the length remains
the same as the length of the piecewise geodesic passing to the entangling surface up to
quadratic corrections O(δ2) in these parameters. So we have linear errors in Rule 1 leading
to quadratic errors in the length. This is exactly the content of Rule 2.
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2.1 Some intuition
In this section we will develop some intuition for the above rules. We will leave a more
complete discussion to later in Section 4. Following [34] we consider the “modular flowed”
state:
|ψs〉 = ρisA |ψ〉 (2.21)
where we are explicitly flowing with only half the modular Hamiltonian and not the full
∆A = ρA ⊗ ρ−1A¯ which by definition leaves invariant the defining state. Using this later
fact we are free to move the flow to the A¯ region, |ψs〉 = ρisA¯ |ψ〉. In this new state we can
compute the correlation function of two operators in complementary wedges:
〈ψs| O(x)O(y) |ψs〉 = 〈ψ| O(x)∆isAO(y) |ψ〉 (2.22)
This is the desired correlator. So we simply need to understand how to compute two point
functions in the flowed state |ψs〉. This state has the interesting property that it leaves
invariant the expectation value of operators completely localized in either D(A) or D(A¯):
〈ψs|TA |ψs〉 = 〈ψ|TA |ψ〉 and 〈ψs|TA¯ |ψs〉 = 〈ψ|TA¯ |ψ〉 (2.23)
This includes correlation functions of operators all in the same region. In holography if we
were to try to reconstruct the gravitational dual of |ψs〉, assuming that it can described
by some semi-classical geometry gs, then we would come up with a picture where the
description in the entanglement wedges Ea and Ea¯ is completely unaltered. In particular, if
we use the ideas of entanglement wedge bulk reconstruction - then the operators in (2.23)
are sufficient to reconstruct the entanglement wedges and so they are left invariant by
modular flow. Thus we can sketch a picture of the bulk spacetime shown in Figure 3 where
the shaded regions are the only regions that can be effected by modular flow. These regions
are timelike to the past or future of mA. In the local Rindler-like cases they are the Milne
wedges and so we will refer to them as such even in the more general case.
As was argued in [34] and later extended in [19], the shaded regions should be con-
structed in the bulk by acting with a combination of the area operator and the bulk modular
Hamtilonian for the quantum fields in the bulk:
|ψs〉 = e−i2pisÂmA/4GNρisa |ψ〉 (2.24)
The area operator lives on the entangling surface and is in the center of the bulk operator
algebras for the entanglement wedges. There is a non-trivial action to the future of the
entangling surface. The combined action of the area operator and the bulk modular flow
leaves a non-singular state for the bulk quantum fields [19]. This is the case for bulk regions
that are at least spacelike from the boundary entangling surface ∂A.3 We will assume that
such a spacetime can be treated semi-classically with some metric gs including inside the
Milne wedges.
3The boundary state |ψs〉 is singular to the bulk future of the boundary region ∂A since the half modular
Hamiltonian is singular here, although this singularity is not important for computing two sided correlators
as shown in (2.22). The geodesics we will use will never enter the singular bulk region to the bulk future/past
of ∂A.
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O(x)
⇠
s
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Figure 3. Modular flowed geometry. The white regions are the two entanglement wedges that
are the same as in the unflowed state. The blue region is effected by modular flow and in general
unknown. In the right section we show some sample geodesics that compute correlation functions.
The geodesic may enter the unknown region in which case we do not have control. If we manage
to tune parameters so that this does not happen, we are left with a simple local analysis at the RT
surface.
Following [34] we expect that in the large m limit the modular flow correlator is
computed by an extremal geodesic in this new spacetime gs. Since we will not attempt
to construct gs generally, we will not be able to say much about general modular flow.
However if we tune the parameters, such as the locations x, y of the operators on the
boundary, to satisfy Rule 1 then we find a situation where the geodesic never enters into
the unknown regions of gs. We must only understand the matching condition between the
left and right wedges. It is not hard to guess that the matching condition should be a
local boost by rapidity 2pis. More specifically one can argue that since the area operator
is the Noether charge/generator of a diffeomorphism acting like a boost on one side of the
entangling surface (where the diffeomorphism equals the vector χ defined in (2.17)), then
the geodesic should match only after an action of this half-sided diffeomorphism. This is
obviously true in the local case and it is not hard to imagine that it works the same in the
non-local case.
Then Rule 2 can be justified as follows. The relevant curve that computes the ap-
proximate length is still anchored to the entangling surface, and even though it does not
satisfy the requirements of Rule 1, it is perturbatively close to the correct geodesic in the
spacetime gs. This actual geodesic necessarily passes into the Milne wedge so we do not
have control over it’s length, except to say that since it is a geodesic and thus extremal,
linear deformations only change the length to second order. Since the anchored curve is a
linear deformation of the correct geodesic the result of (2.15) follows.
There are some unresolved issues in this approach which make this discussion less
precise. For example we have not carefully taken into account the effect of the non-trivial
state for the bulk quantum fields of φ on the correlator. While this state is non-singular
near the entangling surface, in the non-local case we expect some non-vacuum squeezed
state since the modular operator is bi-linear in the quantum fields. Likely in the large
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mass limit we can neglect such state dependent effects in the geodesic approximation but
we do not have a precise argument. Indeed from the first quantized/worldline point of
view, where the geodesic approximation finds a natural home, it is not obvious how to
include properties of the state at all. The best approach is to consider the first quantized
path integral where the target is some Euclidean space which then gives a natural state
interpretation upon Wick rotation. Following this logic for the modular flow computation
leads us to considering the worldline path integral on the Euclidean replicated geometry.
This is the approach we will take in Section 4.
2.2 The local/Rindler case
Let us consider these rules in the light of local modular Hamiltonians. The rules are
somewhat trivial here. For example let us consider AdS3 in Poincare coordinates:
ds2 =
dz2 − dudv
z2
(2.25)
and consider the A entangling surface u = v = 0. In AdS3 geodesics are semi-circles that
come in perpendicular to the boundary. Given an operator at location x = (ux, vx) in the
left wedge (with ux > 0, vx < 0) there is a mirror location xm = (−ux,−vx). The correlator
of 〈O(x)O(λxm)〉 with 0 < λ < ∞ is computed by a geodesic that clearly passes through
the entangling surface at z = z0 =
√−λuxvx. For fixed x then the length of the Rule-1
geodesic will always be computed by one of these geodesics. For a given y we should then
compute s and λ by boosting λxm to this point:
− λuxe2pis = uy − λvxe−2pis = vy (2.26)
such that λ =
√
uyvy/(uxvx) then and in particular
s(x, y) =
1
4pi
ln
uyvx
uxvy
z0(x, y) = (uxvxuyvy)
1/4 (2.27)
We can then check that the left and right hand side of:〈
O(x)∆is(x,y)A O(y)
〉
= exp (−m`(x, z0)−m`(y, z0)) (2.28)
agree. Here l(x, z0) is the regularized length of a geodesic between x and the point z = z0
on the entangling surface.
`[x, z0] = ln
(
z0
(
1− uxvx
z20
))
(2.29)
All together we have:
`(x, z0) + `(y, z0) = ln
(
z20
(
1− uxvx
z20
)(
1− uyvy
z20
))
(2.30)
This should be compared to the left hand side (2.28) which we can compute using boosts
on the boundary of the CFT two point function:
〈O(ux, vx)O(uye−2pis, vye2pis) 〉 = c∆(− (ux − uye−2pis)(vx − vye2pis))∆O (2.31)
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which gives a length of,
ln
(
(e−2pisuy − ux)(vx − e2pisvy)
)
(2.32)
Plugging in the specific value of s = s(x, y) and z0(x, y) we can show that (2.30) agrees
with (2.32).
Slightly less trivial is the small deformation case. Let us imagine moving the entangling
surface in the null direction to u = δz−. To leading order we can take the geodesic to go
to the point z0 on the entangling surface. The new length of the discontinuous geodesics
is:
ln z0
(
1− (ux − δz
−)vx
z20
)
+ ln z0
(
1− (uy − δz
−)vy
z20
)
(2.33)
Expanding we find the correction to the length is:
δ` =
δz−vx
z20 − vxux
+
δz−vy
z20 − vyuy
+O(δz−2) (2.34)
We should compare this correction to the direct calculation of the correlator using the
geometric boost. Since the entangling surface is slightly shifted the boost now acts on the
uy coordinate as:
uy → (uy − δz−)e−2pis + δz− (2.35)
From which we can compute the correction to the correlator
−mδ` ≈ δz−(e−2pis − 1)∂uy ln
〈O(x)∆isAO(y)〉 (2.36)
such that:
δ` =
δz−(e−2pis − 1)
ux − e−2pisuy (2.37)
Fixing the boost s(x, y) and z0(x, y) as specified above one can show that these two ex-
pressions (2.37) and (2.34) agree.
3 Applications
The two rules we outlined are potentially very powerful despite not giving a general picture
of modular flow. Dealing with the two operator locations x, y, however is cumbersome.
Especially if we want to demand that the geodesic probe a fixed point ξ on the entangling
surface as we change s. This necessitates tuning these insertion points in some way as we
vary s. This could be done and results in a boundary curve, for which:〈O(x)∆isO(y(x,ξ)(s))〉 (3.1)
is computable. A similar boundary curve to y(x,ξ)(s) was discussed recently in the local case
[35]. More generally it is simply constructed by shooting out a geodesic from the bulk point
XA(ξ) on mA in a direction that is the same as the direction of the geodesic that passes
from x to XA(ξ) up to a local boost by an amount s about the entangling surface (that is
using the rule (2.13)). The intersection point of this geodesic at the boundary defines the
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curve y(x,ξ)(s). Perhaps the more natural problem was formulated already around (2.14)
where we hold fixed x, y and allow ξ to vary. They are related via:
y(x,ξ(x,y))(s(x, y)) = y (3.2)
There is considerable freedom here and it is not clear what is the best approach. To remove
some of the freedom we will consider a slightly different setup where we take x, y to be in
the same boundary wedge region. We turn to this now.
3.1 Mirrors for mirror operators
In order to satisfy the local boost condition for two operators inserted in the same wedge
x, y ∈ D(A) we must allow for modular flow which is complex. Imaginary boosts local to
the entangling surface become Euclidean rotations and the value s = i/2 + t rotates the
curve by an angle pi and then boosts it by an amount t such that the geodesic folds back
into the same wedge after bouncing off mA. In this case we do not have the intuitive picture
involving geodesics in some deformed spacetime gs to justify this rotated geodesic, however
analyticity in s suggests there is no other option and indeed we will give a derivation that
allows for complex boosts later. This derivation works particularly well for the case s = i/2
which we discuss now.
When s = i/2 then the two boundary insertion points must be the same y = x in order
to satisfy the local boost condition since the geodesic simply gets reflected back on itself. In
other words the function (2.14) s(x, y)→ i/2 as x→ y and the boundary curve appearing
in (3.1) continued into complex s must satisfy y(x,ξ)(i/2) = x where ξ = ξ(x, x). This
allows us to drop the two different operator locations. Indeed the computable correlator
in this case is simply: 〈
O(x)∆1/2A O(x)
〉
= 〈O(x)O(x)J〉 ≥ 0 (3.3)
where we have taken O(x) to be a Hermitian operator. So the correlator we study involves
the Tomita-Takesaki modular conjugated operator O(x)J = JAO(x)JA ∈ AA¯. Similar
operators toO(x)J were called mirror operators in [36] and here we see that their correlation
functions are computed by literally thinking of the entangling surface as a mirror.
As we vary x we map out some coordinate on the entangling surface ξ(x) ≡ ξ(x, x).
We find this point by minimizing:
ξ(x) : `(x,XA(ξ(x))) = minξ′`(x,XA(ξ
′)) (3.4)
The minimization procedure guarantees that the geodesic hits the entangling surface per-
pendicular to the surface with (e−1∂τx · Πi)∂a = 0 such that a pi-Euclidean rotation then
sends the geodesic back on itself with ∂τx→ −∂τx at ξ. The correlator is then:〈
O(x)∆1/2A O(x)
〉
≈ exp (−2m`(x,XA(ξ(x)))) (3.5)
The map ξ(x) is from d parameters of x ∈ D(A) to d − 1 coordinates on the entangling
surface. Fixing a space-like slice, say the region x ∈ A, on the boundary gives a natural
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coordinate chart on the entangling surface. These coordinates however will likely break-
down in many cases due to caustics on the space-like congruence of geodesics shot out
perpendicular from the entangling surface. In particular ξ(A) will not be the entire entan-
gling surface. There is some form of entanglement shadow - an example of this is sketched
in Figure 4. We will not attempt to overcome this shortcoming, however we note that
with more work and using the freedom to tune x, y separately one can get information
everywhere on the entangling surface.
s
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<latexit sha1_base64="g52mB fVlfrpPbt9ADvc/q3MAFxY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh6 9LBbBU0lE0FuLXjxWsR/QhrLZbtqlm03YnQgl9B948aCIV/+RN/+ N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJ UM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM 6VCIUjKKVHmq1frniVt05yCrxclKBHI1++as3iFkacYVMUmO6npu gn1GNgkk+LfVSwxPKxnTIu5YqGnHjZ/NLp+TMKgMSxtqWQjJXf09 kNDJmEgW2M6I4MsveTPzP66YYXvuZUEmKXLHFojCVBGMye5sMhOY M5cQSyrSwtxI2opoytOGUbAje8surpHVR9dyqd39Zqd/kcRThBE7h HDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nDxSDjQw= </latexit><latexit sha1_base64="g52mB fVlfrpPbt9ADvc/q3MAFxY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh6 9LBbBU0lE0FuLXjxWsR/QhrLZbtqlm03YnQgl9B948aCIV/+RN/+ N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJ UM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM 6VCIUjKKVHmq1frniVt05yCrxclKBHI1++as3iFkacYVMUmO6npu gn1GNgkk+LfVSwxPKxnTIu5YqGnHjZ/NLp+TMKgMSxtqWQjJXf09 kNDJmEgW2M6I4MsveTPzP66YYXvuZUEmKXLHFojCVBGMye5sMhOY M5cQSyrSwtxI2opoytOGUbAje8surpHVR9dyqd39Zqd/kcRThBE7h HDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nDxSDjQw= </latexit><latexit sha1_base64="g52mB fVlfrpPbt9ADvc/q3MAFxY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh6 9LBbBU0lE0FuLXjxWsR/QhrLZbtqlm03YnQgl9B948aCIV/+RN/+ N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJ UM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM 6VCIUjKKVHmq1frniVt05yCrxclKBHI1++as3iFkacYVMUmO6npu gn1GNgkk+LfVSwxPKxnTIu5YqGnHjZ/NLp+TMKgMSxtqWQjJXf09 kNDJmEgW2M6I4MsveTPzP66YYXvuZUEmKXLHFojCVBGMye5sMhOY M5cQSyrSwtxI2opoytOGUbAje8surpHVR9dyqd39Zqd/kcRThBE7h HDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nDxSDjQw= </latexit><latexit sha1_base64="g52mB fVlfrpPbt9ADvc/q3MAFxY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh6 9LBbBU0lE0FuLXjxWsR/QhrLZbtqlm03YnQgl9B948aCIV/+RN/+ N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJ UM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM 6VCIUjKKVHmq1frniVt05yCrxclKBHI1++as3iFkacYVMUmO6npu gn1GNgkk+LfVSwxPKxnTIu5YqGnHjZ/NLp+TMKgMSxtqWQjJXf09 kNDJmEgW2M6I4MsveTPzP66YYXvuZUEmKXLHFojCVBGMye5sMhOY M5cQSyrSwtxI2opoytOGUbAje8surpHVR9dyqd39Zqd/kcRThBE7h HDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nDxSDjQw= </latexit>
??
<latexit sha1_base64="g52mB fVlfrpPbt9ADvc/q3MAFxY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh6 9LBbBU0lE0FuLXjxWsR/QhrLZbtqlm03YnQgl9B948aCIV/+RN/+ N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJ UM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM 6VCIUjKKVHmq1frniVt05yCrxclKBHI1++as3iFkacYVMUmO6npu gn1GNgkk+LfVSwxPKxnTIu5YqGnHjZ/NLp+TMKgMSxtqWQjJXf09 kNDJmEgW2M6I4MsveTPzP66YYXvuZUEmKXLHFojCVBGMye5sMhOY M5cQSyrSwtxI2opoytOGUbAje8surpHVR9dyqd39Zqd/kcRThBE7h HDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nDxSDjQw= </latexit><latexit sha1_base64="g52mB fVlfrpPbt9ADvc/q3MAFxY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh6 9LBbBU0lE0FuLXjxWsR/QhrLZbtqlm03YnQgl9B948aCIV/+RN/+ N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJ UM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM 6VCIUjKKVHmq1frniVt05yCrxclKBHI1++as3iFkacYVMUmO6npu gn1GNgkk+LfVSwxPKxnTIu5YqGnHjZ/NLp+TMKgMSxtqWQjJXf09 kNDJmEgW2M6I4MsveTPzP66YYXvuZUEmKXLHFojCVBGMye5sMhOY M5cQSyrSwtxI2opoytOGUbAje8surpHVR9dyqd39Zqd/kcRThBE7h HDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nDxSDjQw= </latexit><latexit sha1_base64="g52mB fVlfrpPbt9ADvc/q3MAFxY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh6 9LBbBU0lE0FuLXjxWsR/QhrLZbtqlm03YnQgl9B948aCIV/+RN/+ N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJ UM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM 6VCIUjKKVHmq1frniVt05yCrxclKBHI1++as3iFkacYVMUmO6npu gn1GNgkk+LfVSwxPKxnTIu5YqGnHjZ/NLp+TMKgMSxtqWQjJXf09 kNDJmEgW2M6I4MsveTPzP66YYXvuZUEmKXLHFojCVBGMye5sMhOY M5cQSyrSwtxI2opoytOGUbAje8surpHVR9dyqd39Zqd/kcRThBE7h HDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nDxSDjQw= </latexit><latexit sha1_base64="g52mB fVlfrpPbt9ADvc/q3MAFxY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh6 9LBbBU0lE0FuLXjxWsR/QhrLZbtqlm03YnQgl9B948aCIV/+RN/+ N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJ UM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM 6VCIUjKKVHmq1frniVt05yCrxclKBHI1++as3iFkacYVMUmO6npu gn1GNgkk+LfVSwxPKxnTIu5YqGnHjZ/NLp+TMKgMSxtqWQjJXf09 kNDJmEgW2M6I4MsveTPzP66YYXvuZUEmKXLHFojCVBGMye5sMhOY M5cQSyrSwtxI2opoytOGUbAje8surpHVR9dyqd39Zqd/kcRThBE7h HDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nDxSDjQw= </latexit>
O(x) A<latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hc wRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1B Wx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHs sHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/N D52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2oosz YbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==< /latexit><latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hc wRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1B Wx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHs sHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/N D52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2oosz YbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==< /latexit><latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hc wRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1B Wx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHs sHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/N D52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2oosz YbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==< /latexit><latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hc wRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1B Wx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHs sHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/N D52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2oosz YbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==< /latexit>
mA
<latexit sha1_base64="6AB0rawL5G8AXBuJsGoczloD 6L8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJqYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhi Q8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SD HaUYStpXPOaMWifdy+5Vt1zxq/4MZJkEOalAjnq3/NXpJSyTqCwT1Jh24Kc2HFNtORM4KXUygyllQ9rHtqOKSjTheHb qhJw4pUfiRLtSlszU3xNjKo0Zych1SmoHZtGbiv957czGl+GYqzSzqNh8UZwJYhMy/Zv0uEZmxcgRyjR3txI2oJoy69 IpuRCCxZeXyeNZNfCrwd15pXadx1GEIziGUwjgAmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPHxMujaU=</la texit><latexit sha1_base64="6AB0rawL5G8AXBuJsGoczloD 6L8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJqYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhi Q8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SD HaUYStpXPOaMWifdy+5Vt1zxq/4MZJkEOalAjnq3/NXpJSyTqCwT1Jh24Kc2HFNtORM4KXUygyllQ9rHtqOKSjTheHb qhJw4pUfiRLtSlszU3xNjKo0Zych1SmoHZtGbiv957czGl+GYqzSzqNh8UZwJYhMy/Zv0uEZmxcgRyjR3txI2oJoy69 IpuRCCxZeXyeNZNfCrwd15pXadx1GEIziGUwjgAmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPHxMujaU=</la texit><latexit sha1_base64="6AB0rawL5G8AXBuJsGoczloD 6L8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJqYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhi Q8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SD HaUYStpXPOaMWifdy+5Vt1zxq/4MZJkEOalAjnq3/NXpJSyTqCwT1Jh24Kc2HFNtORM4KXUygyllQ9rHtqOKSjTheHb qhJw4pUfiRLtSlszU3xNjKo0Zych1SmoHZtGbiv957czGl+GYqzSzqNh8UZwJYhMy/Zv0uEZmxcgRyjR3txI2oJoy69 IpuRCCxZeXyeNZNfCrwd15pXadx1GEIziGUwjgAmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPHxMujaU=</la texit><latexit sha1_base64="6AB0rawL5G8AXBuJsGoczloD 6L8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJqYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhi Q8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SD HaUYStpXPOaMWifdy+5Vt1zxq/4MZJkEOalAjnq3/NXpJSyTqCwT1Jh24Kc2HFNtORM4KXUygyllQ9rHtqOKSjTheHb qhJw4pUfiRLtSlszU3xNjKo0Zych1SmoHZtGbiv957czGl+GYqzSzqNh8UZwJYhMy/Zv0uEZmxcgRyjR3txI2oJoy69 IpuRCCxZeXyeNZNfCrwd15pXadx1GEIziGUwjgAmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPHxMujaU=</la texit>
⇠(x)
<latexit sha1_base64="JlaVYClB/cy3Ka4U+/q reK9mBhI=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EixCvZRdEfRY9OKxgv2AdinZNNvGZpMlyUrL0v/gx YMiXv0/3vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YP3MOjppapIrRBJJeqHWJNORO0Y ZjhtJ0oiuOQ01Y4up35rSeqNJPiwUwSGsR4IFjECDZWanbHrDI+77llr+rNgVaJn5My5Kj33K9uX5I0p sIQjrXu+F5iggwrwwin01I31TTBZIQHtGOpwDHVQTa/dorOrNJHkVS2hEFz9fdEhmOtJ3FoO2NshnrZm 4n/eZ3URNdBxkSSGirIYlGUcmQkmr2O+kxRYvjEEkwUs7ciMsQKE2MDKtkQ/OWXV0nzoup7Vf/+sly7y eMowgmcQgV8uIIa3EEdGkDgEZ7hFd4c6bw4787HorXg5DPH8AfO5w//1Y68</latexit><latexit sha1_base64="JlaVYClB/cy3Ka4U+/q reK9mBhI=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EixCvZRdEfRY9OKxgv2AdinZNNvGZpMlyUrL0v/gx YMiXv0/3vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YP3MOjppapIrRBJJeqHWJNORO0Y ZjhtJ0oiuOQ01Y4up35rSeqNJPiwUwSGsR4IFjECDZWanbHrDI+77llr+rNgVaJn5My5Kj33K9uX5I0p sIQjrXu+F5iggwrwwin01I31TTBZIQHtGOpwDHVQTa/dorOrNJHkVS2hEFz9fdEhmOtJ3FoO2NshnrZm 4n/eZ3URNdBxkSSGirIYlGUcmQkmr2O+kxRYvjEEkwUs7ciMsQKE2MDKtkQ/OWXV0nzoup7Vf/+sly7y eMowgmcQgV8uIIa3EEdGkDgEZ7hFd4c6bw4787HorXg5DPH8AfO5w//1Y68</latexit><latexit sha1_base64="JlaVYClB/cy3Ka4U+/q reK9mBhI=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EixCvZRdEfRY9OKxgv2AdinZNNvGZpMlyUrL0v/gx YMiXv0/3vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YP3MOjppapIrRBJJeqHWJNORO0Y ZjhtJ0oiuOQ01Y4up35rSeqNJPiwUwSGsR4IFjECDZWanbHrDI+77llr+rNgVaJn5My5Kj33K9uX5I0p sIQjrXu+F5iggwrwwin01I31TTBZIQHtGOpwDHVQTa/dorOrNJHkVS2hEFz9fdEhmOtJ3FoO2NshnrZm 4n/eZ3URNdBxkSSGirIYlGUcmQkmr2O+kxRYvjEEkwUs7ciMsQKE2MDKtkQ/OWXV0nzoup7Vf/+sly7y eMowgmcQgV8uIIa3EEdGkDgEZ7hFd4c6bw4787HorXg5DPH8AfO5w//1Y68</latexit><latexit sha1_base64="JlaVYClB/cy3Ka4U+/q reK9mBhI=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EixCvZRdEfRY9OKxgv2AdinZNNvGZpMlyUrL0v/gx YMiXv0/3vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YP3MOjppapIrRBJJeqHWJNORO0Y ZjhtJ0oiuOQ01Y4up35rSeqNJPiwUwSGsR4IFjECDZWanbHrDI+77llr+rNgVaJn5My5Kj33K9uX5I0p sIQjrXu+F5iggwrwwin01I31TTBZIQHtGOpwDHVQTa/dorOrNJHkVS2hEFz9fdEhmOtJ3FoO2NshnrZm 4n/eZ3URNdBxkSSGirIYlGUcmQkmr2O+kxRYvjEEkwUs7ciMsQKE2MDKtkQ/OWXV0nzoup7Vf/+sly7y eMowgmcQgV8uIIa3EEdGkDgEZ7hFd4c6bw4787HorXg5DPH8AfO5w//1Y68</latexit>
s
??
<latexit sha1_base64="g 52mBfVlfrpPbt9ADvc/q3MAFxY=">AAAB6XicbVBNS8NA EJ3Ur1q/qh69LBbBU0lE0FuLXjxWsR/QhrLZbtqlm03Yn Qgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dg pr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwV K3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHmq1 frniVt05yCrxclKBHI1++as3iFkacYVMUmO6npugn1GNg kk+LfVSwxPKxnTIu5YqGnHjZ/NLp+TMKgMSxtqWQjJXf0 9kNDJmEgW2M6I4MsveTPzP66YYXvuZUEmKXLHFojCVBGM ye5sMhOYM5cQSyrSwtxI2opoytOGUbAje8surpHVR9dyq d39Zqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvz seiteDkM8fwB87nDxSDjQw=</latexit><latexit sha1_base64="g 52mBfVlfrpPbt9ADvc/q3MAFxY=">AAAB6XicbVBNS8NA EJ3Ur1q/qh69LBbBU0lE0FuLXjxWsR/QhrLZbtqlm03Yn Qgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dg pr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwV K3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHmq1 frniVt05yCrxclKBHI1++as3iFkacYVMUmO6npugn1GNg kk+LfVSwxPKxnTIu5YqGnHjZ/NLp+TMKgMSxtqWQjJXf0 9kNDJmEgW2M6I4MsveTPzP66YYXvuZUEmKXLHFojCVBGM ye5sMhOYM5cQSyrSwtxI2opoytOGUbAje8surpHVR9dyq d39Zqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvz seiteDkM8fwB87nDxSDjQw=</latexit><latexit sha1_base64="g 52mBfVlfrpPbt9ADvc/q3MAFxY=">AAAB6XicbVBNS8NA EJ3Ur1q/qh69LBbBU0lE0FuLXjxWsR/QhrLZbtqlm03Yn Qgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dg pr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwV K3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHmq1 frniVt05yCrxclKBHI1++as3iFkacYVMUmO6npugn1GNg kk+LfVSwxPKxnTIu5YqGnHjZ/NLp+TMKgMSxtqWQjJXf0 9kNDJmEgW2M6I4MsveTPzP66YYXvuZUEmKXLHFojCVBGM ye5sMhOYM5cQSyrSwtxI2opoytOGUbAje8surpHVR9dyq d39Zqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvz seiteDkM8fwB87nDxSDjQw=</latexit><latexit sha1_base64="g 52mBfVlfrpPbt9ADvc/q3MAFxY=">AAAB6XicbVBNS8NA EJ3Ur1q/qh69LBbBU0lE0FuLXjxWsR/QhrLZbtqlm03Yn Qgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dg pr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwV K3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHmq1 frniVt05yCrxclKBHI1++as3iFkacYVMUmO6npugn1GNg kk+LfVSwxPKxnTIu5YqGnHjZ/NLp+TMKgMSxtqWQjJXf0 9kNDJmEgW2M6I4MsveTPzP66YYXvuZUEmKXLHFojCVBGM ye5sMhOYM5cQSyrSwtxI2opoytOGUbAje8surpHVR9dyq d39Zqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvz seiteDkM8fwB87nDxSDjQw=</latexit>
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<latexit sha 1_base64="g52mBfVlfrpP bt9ADvc/q3MAFxY=">AAAB6 XicbVBNS8NAEJ3Ur1q/qh6 9LBbBU0lE0FuLXjxWsR/Qhr LZbtqlm03YnQgl9B948aCI V/+RN/+N2zYHbX0w8Hhvhpl 5QSKFQdf9dgpr6xubW8Xt0 s7u3v5B+fCoZeJUM95ksYx1 J6CGS6F4EwVK3kk0p1EgeT sY38789hPXRsTqEScJ9yM6V CIUjKKVHmq1frniVt05yCr xclKBHI1++as3iFkacYVMUm O6npugn1GNgkk+LfVSwxPK xnTIu5YqGnHjZ/NLp+TMKgM SxtqWQjJXf09kNDJmEgW2M 6I4MsveTPzP66YYXvuZUEmK XLHFojCVBGMye5sMhOYM5c QSyrSwtxI2opoytOGUbAje8 surpHVR9dyqd39Zqd/kcRT hBE7hHDy4gjrcQQOawCCEZ3 iFN2fsvDjvzseiteDkM8fw B87nDxSDjQw=</latexit><latexit sha 1_base64="g52mBfVlfrpP bt9ADvc/q3MAFxY=">AAAB6 XicbVBNS8NAEJ3Ur1q/qh6 9LBbBU0lE0FuLXjxWsR/Qhr LZbtqlm03YnQgl9B948aCI V/+RN/+N2zYHbX0w8Hhvhpl 5QSKFQdf9dgpr6xubW8Xt0 s7u3v5B+fCoZeJUM95ksYx1 J6CGS6F4EwVK3kk0p1EgeT sY38789hPXRsTqEScJ9yM6V CIUjKKVHmq1frniVt05yCr xclKBHI1++as3iFkacYVMUm O6npugn1GNgkk+LfVSwxPK xnTIu5YqGnHjZ/NLp+TMKgM SxtqWQjJXf09kNDJmEgW2M 6I4MsveTPzP66YYXvuZUEmK XLHFojCVBGMye5sMhOYM5c QSyrSwtxI2opoytOGUbAje8 surpHVR9dyqd39Zqd/kcRT hBE7hHDy4gjrcQQOawCCEZ3 iFN2fsvDjvzseiteDkM8fw B87nDxSDjQw=</latexit><latexit sha 1_base64="g52mBfVlfrpP bt9ADvc/q3MAFxY=">AAAB6 XicbVBNS8NAEJ3Ur1q/qh6 9LBbBU0lE0FuLXjxWsR/Qhr LZbtqlm03YnQgl9B948aCI V/+RN/+N2zYHbX0w8Hhvhpl 5QSKFQdf9dgpr6xubW8Xt0 s7u3v5B+fCoZeJUM95ksYx1 J6CGS6F4EwVK3kk0p1EgeT sY38789hPXRsTqEScJ9yM6V CIUjKKVHmq1frniVt05yCr xclKBHI1++as3iFkacYVMUm O6npugn1GNgkk+LfVSwxPK xnTIu5YqGnHjZ/NLp+TMKgM SxtqWQjJXf09kNDJmEgW2M 6I4MsveTPzP66YYXvuZUEmK XLHFojCVBGMye5sMhOYM5c QSyrSwtxI2opoytOGUbAje8 surpHVR9dyqd39Zqd/kcRT hBE7hHDy4gjrcQQOawCCEZ3 iFN2fsvDjvzseiteDkM8fw B87nDxSDjQw=</latexit><latexit sha 1_base64="g52mBfVlfrpP bt9ADvc/q3MAFxY=">AAAB6 XicbVBNS8NAEJ3Ur1q/qh6 9LBbBU0lE0FuLXjxWsR/Qhr LZbtqlm03YnQgl9B948aCI V/+RN/+N2zYHbX0w8Hhvhpl 5QSKFQdf9dgpr6xubW8Xt0 s7u3v5B+fCoZeJUM95ksYx1 J6CGS6F4EwVK3kk0p1EgeT sY38789hPXRsTqEScJ9yM6V CIUjKKVHmq1frniVt05yCr xclKBHI1++as3iFkacYVMUm O6npugn1GNgkk+LfVSwxPK xnTIu5YqGnHjZ/NLp+TMKgM SxtqWQjJXf09kNDJmEgW2M 6I4MsveTPzP66YYXvuZUEmK XLHFojCVBGMye5sMhOYM5c QSyrSwtxI2opoytOGUbAje8 surpHVR9dyqd39Zqd/kcRT hBE7hHDy4gjrcQQOawCCEZ3 iFN2fsvDjvzseiteDkM8fw B87nDxSDjQw=</latexit>
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Figure 4. Left: Correlation functions of operators with their mirrors, according to the rules, are
computed via a geodesic that reflects of the entangling surface perpendicular to the surface. Right:
this map is not one to one and there might be several points on the entangling surface that are
represented by the same point on the boundary. This results in shadows, which are regions on the
entangling surface that are not accessible with these mirror correlators. In the above example the
shadow lies between the two reflection points. The above example is a cartoon and we have not
worked through any real example, leaving this to future work.
3.2 Entanglement Wedge Nesting
In this section we consider modular flow for two nested regions. We will eventually study
the one-sided correlator that wa mentioned in the introduction, however let us start by
considering the two sided correlator:〈O(x)∆isB∆−isA O(y)〉 (3.6)
where x ∈ D(B) and y ∈ D(A¯). We expect the rules are the same for this correlator as
for the single modular flow. Thus if we can arrange for a configuration of boundary points
x, y such that the picture of kinked geodesics in Figure 5 satisfies the boost condition in
(2.12-2.13) at both mA and mB, then we can compute the correlator of (3.6) in terms of
a sum of the three piecewise lengths of the geodesic. Now we would like to freely change s
holding fixed x, y. As with the single modular flow case, this is generally not possible and
we would need to move the boundary points as we change s at the same time. We could
again try to use the modular curves x(y′,ξB)(s) and y(x′,ξA)(s), but instead of this we would
choosing to examine the mirror points.
To try to narrow the problem we move the points x, y to the same boundary region
D(A) and try to set x = y. As we do this we have to change the correlator to allow for an
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<latexit sha1_base64="coeSHivB/APe4Ght/qNdgKkR254=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBEEoe4WQY9FLx4r2A9ol5JNs21sNlmSrFCW /gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+0crq2vrGZmGruL2zu7dfOjhsGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wj26nfemLacCUf7DhhQUwGkkecEuukpjnH/KLaK5W9ijcDXiZ+TsqQo94rfXX7iqYxk5YKYkzH9xIbZERbTgWbFLupYQmhIzJgHUcliZkJstm1E3zqlD6OlHYlLZ6pvycyEhs zjkPXGRM7NIveVPzP66Q2ug4yLpPUMknni6JUYKvw9HXc55pRK8aOEKq5uxXTIdGEWhdQ0YXgL768TJrViu9V/PvLcu0mj6MAx3ACZ+DDFdTgDurQAAqP8Ayv8IYUekHv6GPeuoLymSP4A/T5Az96jj4=</latexit><latexit sha1_base64="coeSHivB/APe4Ght/qNdgKkR254=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBEEoe4WQY9FLx4r2A9ol5JNs21sNlmSrFCW /gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+0crq2vrGZmGruL2zu7dfOjhsGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wj26nfemLacCUf7DhhQUwGkkecEuukpjnH/KLaK5W9ijcDXiZ+TsqQo94rfXX7iqYxk5YKYkzH9xIbZERbTgWbFLupYQmhIzJgHUcliZkJstm1E3zqlD6OlHYlLZ6pvycyEhs zjkPXGRM7NIveVPzP66Q2ug4yLpPUMknni6JUYKvw9HXc55pRK8aOEKq5uxXTIdGEWhdQ0YXgL768TJrViu9V/PvLcu0mj6MAx3ACZ+DDFdTgDurQAAqP8Ayv8IYUekHv6GPeuoLymSP4A/T5Az96jj4=</latexit><latexit sha1_base64="coeSHivB/APe4Ght/qNdgKkR254=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBEEoe4WQY9FLx4r2A9ol5JNs21sNlmSrFCW /gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+0crq2vrGZmGruL2zu7dfOjhsGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wj26nfemLacCUf7DhhQUwGkkecEuukpjnH/KLaK5W9ijcDXiZ+TsqQo94rfXX7iqYxk5YKYkzH9xIbZERbTgWbFLupYQmhIzJgHUcliZkJstm1E3zqlD6OlHYlLZ6pvycyEhs zjkPXGRM7NIveVPzP66Q2ug4yLpPUMknni6JUYKvw9HXc55pRK8aOEKq5uxXTIdGEWhdQ0YXgL768TJrViu9V/PvLcu0mj6MAx3ACZ+DDFdTgDurQAAqP8Ayv8IYUekHv6GPeuoLymSP4A/T5Az96jj4=</latexit><latexit sha1_base64="coeSHivB/APe4Ght/qNdgKkR254=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBEEoe4WQY9FLx4r2A9ol5JNs21sNlmSrFCW /gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+0crq2vrGZmGruL2zu7dfOjhsGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wj26nfemLacCUf7DhhQUwGkkecEuukpjnH/KLaK5W9ijcDXiZ+TsqQo94rfXX7iqYxk5YKYkzH9xIbZERbTgWbFLupYQmhIzJgHUcliZkJstm1E3zqlD6OlHYlLZ6pvycyEhs zjkPXGRM7NIveVPzP66Q2ug4yLpPUMknni6JUYKvw9HXc55pRK8aOEKq5uxXTIdGEWhdQ0YXgL768TJrViu9V/PvLcu0mj6MAx3ACZ+DDFdTgDurQAAqP8Ayv8IYUekHv6GPeuoLymSP4A/T5Az96jj4=</latexit>
x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ 360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/Q VePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahG wSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpR FKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97 M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZ qN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ 360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/Q VePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahG wSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpR FKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97 M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZ qN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ 360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/Q VePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahG wSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpR FKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97 M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZ qN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ 360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/Q VePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahG wSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpR FKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97 M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZ qN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit>
y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7 jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8 CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pR cIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjV AaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyN xP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZ vizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7 jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8 CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pR cIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjV AaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyN xP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZ vizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7 jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8 CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pR cIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjV AaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyN xP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZ vizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7 jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8 CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pR cIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjV AaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyN xP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZ vizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>
mB
<latexit sha1_base64="9qWD6uLLjK8yI1ztd9E3ADWHVc0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMcQLx4jmgckS5idzCZDZmaXmV4hhHyCFw+KePWLvPk3TpI9aLSgoajqprsrSqWw6PtfXmFtfW Nzq7hd2tnd2z8oHx61bJIZxpsskYnpRNRyKTRvokDJO6nhVEWSt6PxzdxvP3JjRaIfcJLyUNGhFrFgFJ10r/r1frniV/0FyF8S5KQCORr98mdvkLBMcY1MUmu7gZ9iOKUGBZN8VupllqeUjemQdx3VVHEbThenzsiZUwYkTowrjWSh/pyYUmXtREWuU1Ec2VVvLv7ndTOMr8Op0GmGXLPlojiTBBMy/5sMhOEM5cQRyoxwtxI2ooYydOmUXAjB6st/SeuiGvjV4O6yUqvncRThBE7hHAK4ghrcQgOawGAIT/ACr570nr03733ZWvDymWP4 Be/jGxSyjaY=</latexit><latexit sha1_base64="9qWD6uLLjK8yI1ztd9E3ADWHVc0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMcQLx4jmgckS5idzCZDZmaXmV4hhHyCFw+KePWLvPk3TpI9aLSgoajqprsrSqWw6PtfXmFtfW Nzq7hd2tnd2z8oHx61bJIZxpsskYnpRNRyKTRvokDJO6nhVEWSt6PxzdxvP3JjRaIfcJLyUNGhFrFgFJ10r/r1frniV/0FyF8S5KQCORr98mdvkLBMcY1MUmu7gZ9iOKUGBZN8VupllqeUjemQdx3VVHEbThenzsiZUwYkTowrjWSh/pyYUmXtREWuU1Ec2VVvLv7ndTOMr8Op0GmGXLPlojiTBBMy/5sMhOEM5cQRyoxwtxI2ooYydOmUXAjB6st/SeuiGvjV4O6yUqvncRThBE7hHAK4ghrcQgOawGAIT/ACr570nr03733ZWvDymWP4 Be/jGxSyjaY=</latexit><latexit sha1_base64="9qWD6uLLjK8yI1ztd9E3ADWHVc0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMcQLx4jmgckS5idzCZDZmaXmV4hhHyCFw+KePWLvPk3TpI9aLSgoajqprsrSqWw6PtfXmFtfW Nzq7hd2tnd2z8oHx61bJIZxpsskYnpRNRyKTRvokDJO6nhVEWSt6PxzdxvP3JjRaIfcJLyUNGhFrFgFJ10r/r1frniV/0FyF8S5KQCORr98mdvkLBMcY1MUmu7gZ9iOKUGBZN8VupllqeUjemQdx3VVHEbThenzsiZUwYkTowrjWSh/pyYUmXtREWuU1Ec2VVvLv7ndTOMr8Op0GmGXLPlojiTBBMy/5sMhOEM5cQRyoxwtxI2ooYydOmUXAjB6st/SeuiGvjV4O6yUqvncRThBE7hHAK4ghrcQgOawGAIT/ACr570nr03733ZWvDymWP4 Be/jGxSyjaY=</latexit><latexit sha1_base64="9qWD6uLLjK8yI1ztd9E3ADWHVc0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMcQLx4jmgckS5idzCZDZmaXmV4hhHyCFw+KePWLvPk3TpI9aLSgoajqprsrSqWw6PtfXmFtfW Nzq7hd2tnd2z8oHx61bJIZxpsskYnpRNRyKTRvokDJO6nhVEWSt6PxzdxvP3JjRaIfcJLyUNGhFrFgFJ10r/r1frniV/0FyF8S5KQCORr98mdvkLBMcY1MUmu7gZ9iOKUGBZN8VupllqeUjemQdx3VVHEbThenzsiZUwYkTowrjWSh/pyYUmXtREWuU1Ec2VVvLv7ndTOMr8Op0GmGXLPlojiTBBMy/5sMhOEM5cQRyoxwtxI2ooYydOmUXAjB6st/SeuiGvjV4O6yUqvncRThBE7hHAK4ghrcQgOawGAIT/ACr570nr03733ZWvDymWP4 Be/jGxSyjaY=</latexit>
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<latexit sha1_base64="6AB0rawL5G8AXBuJsGoczloD6L8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJqYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6t r6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdy+5Vt1zxq/4MZJkEOalAjnq3/NXpJSyTqCwT1Jh24Kc2HFNtORM4KXUygyllQ9rHtqOKSjTheHbqhJw4pUfiRLtSlszU3xNjKo0Zych1SmoHZtGbiv957czGl+GYqzSzqNh8UZwJYhMy/Zv0uEZmxcgRyjR3txI2oJoy69IpuRCCxZeXyeNZNfCrwd15pXadx1GEIziGUwjgAmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7h D7zPHxMujaU=</latexit><latexit sha1_base64="6AB0rawL5G8AXBuJsGoczloD6L8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJqYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6t r6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdy+5Vt1zxq/4MZJkEOalAjnq3/NXpJSyTqCwT1Jh24Kc2HFNtORM4KXUygyllQ9rHtqOKSjTheHbqhJw4pUfiRLtSlszU3xNjKo0Zych1SmoHZtGbiv957czGl+GYqzSzqNh8UZwJYhMy/Zv0uEZmxcgRyjR3txI2oJoy69IpuRCCxZeXyeNZNfCrwd15pXadx1GEIziGUwjgAmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7h D7zPHxMujaU=</latexit><latexit sha1_base64="6AB0rawL5G8AXBuJsGoczloD6L8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJqYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6t r6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdy+5Vt1zxq/4MZJkEOalAjnq3/NXpJSyTqCwT1Jh24Kc2HFNtORM4KXUygyllQ9rHtqOKSjTheHbqhJw4pUfiRLtSlszU3xNjKo0Zych1SmoHZtGbiv957czGl+GYqzSzqNh8UZwJYhMy/Zv0uEZmxcgRyjR3txI2oJoy69IpuRCCxZeXyeNZNfCrwd15pXadx1GEIziGUwjgAmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7h D7zPHxMujaU=</latexit><latexit sha1_base64="6AB0rawL5G8AXBuJsGoczloD6L8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJqYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6t r6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdy+5Vt1zxq/4MZJkEOalAjnq3/NXpJSyTqCwT1Jh24Kc2HFNtORM4KXUygyllQ9rHtqOKSjTheHbqhJw4pUfiRLtSlszU3xNjKo0Zych1SmoHZtGbiv957czGl+GYqzSzqNh8UZwJYhMy/Zv0uEZmxcgRyjR3txI2oJoy69IpuRCCxZeXyeNZNfCrwd15pXadx1GEIziGUwjgAmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7h D7zPHxMujaU=</latexit>
Figure 5. Double modular flow can also be computed if the parameters x, y, s are tuned accord-
ingly so that the geodesic threads itself through the various entanglement wedges.
imaginary modular flow for one of the factors:〈
O(x)∆isB∆−is+θA O(y)
〉
(3.7)
We can imagine changing θ from 0 to 1/2 smoothly and as we do this we simultaneously
change y → yθ to satisfy the conditions of Rule 1. We get a picture like Fig 6 where we note
that, perhaps contrary to expectations, the reflected geodesic that comes from mB should
not be effected again by the ∆A modular operator and so it does not feel the non-trivial
geometry in the Milne wedge associated to mA twice. Roughly speaking we should think
of the reflected geodesic as living in a different/folded spacetime that does not contain
the s-deformed Milne wedge time like from mA. We will see this folded spacetime more
explicitly when study these ideas in the replica trick.
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<l at exi t sha 1_ ba se6 4= "g5 2m BfV lf rpP bt 9A Dvc /q 3MA Fx Y=" >A AAB 6X ic bVB NS 8NA EJ 3Ur 1q /qh 69 LB bBU 0l E0F uL Xjx Ws R/Q hr LZ btq lm 03Y nQ gl9 B9 48a CI V/ +RN /+ N2z YH bX0 w8 Hhv hp l5 QSK FQ df9 dg pr6 xu bW8 Xt 0s 7u3 v5 B+f Co ZeJ UM 95k sY x1 J6C GS 6F4 Ew VK3 kk 0p1 Eg eT sY3 87 89h PX RsT qE ScJ 9y M6 VCI Uj KKV Hm q1f rn iVt 05 yC rxc lK BHI 1+ +as 3i Fka cY VM UmO 6n pug n1 GNg kk +Lf VS wx PKx nT Iu5 Yq GnH jZ /NL p+ TM KgM Sx tqW Qj JXf 09 kND Jm Eg W2M 6I 4Ms ve TPz P6 6YY Xv uZ UEm KX LHF oj CVB GM ye5 sM hO YM5 cQ Syr Sw txI 2o poy tO GU bAj e8 sur pH VR9 dy qd3 9Z qd /kc RT hBE 7h HDy 4g jrc QQ Oa wCC EZ 3iF N2 fsv Dj vzs ei te DkM 8f wB8 7n DxS Dj Qw= </ la tex it ><l at exi t sha 1_ ba se6 4= "g5 2m BfV lf rpP bt 9A Dvc /q 3MA Fx Y=" >A AAB 6X ic bVB NS 8NA EJ 3Ur 1q /qh 69 LB bBU 0l E0F uL Xjx Ws R/Q hr LZ btq lm 03Y nQ gl9 B9 48a CI V/ +RN /+ N2z YH bX0 w8 Hhv hp l5 QSK FQ df9 dg pr6 xu bW8 Xt 0s 7u3 v5 B+f Co ZeJ UM 95k sY x1 J6C GS 6F4 Ew VK3 kk 0p1 Eg eT sY3 87 89h PX RsT qE ScJ 9y M6 VCI Uj KKV Hm q1f rn iVt 05 yC rxc lK BHI 1+ +as 3i Fka cY VM UmO 6n pug n1 GNg kk +Lf VS wx PKx nT Iu5 Yq GnH jZ /NL p+ TM KgM Sx tqW Qj JXf 09 kND Jm Eg W2M 6I 4Ms ve TPz P6 6YY Xv uZ UEm KX LHF oj CVB GM ye5 sM hO YM5 cQ Syr Sw txI 2o poy tO GU bAj e8 sur pH VR9 dy qd3 9Z qd /kc RT hBE 7h HDy 4g jrc QQ Oa wCC EZ 3iF N2 fsv Dj vzs ei te DkM 8f wB8 7n DxS Dj Qw= </ la tex it ><l at exi t sha 1_ ba se6 4= "g5 2m BfV lf rpP bt 9A Dvc /q 3MA Fx Y=" >A AAB 6X ic bVB NS 8NA EJ 3Ur 1q /qh 69 LB bBU 0l E0F uL Xjx Ws R/Q hr LZ btq lm 03Y nQ gl9 B9 48a CI V/ +RN /+ N2z YH bX0 w8 Hhv hp l5 QSK FQ df9 dg pr6 xu bW8 Xt 0s 7u3 v5 B+f Co ZeJ UM 95k sY x1 J6C GS 6F4 Ew VK3 kk 0p1 Eg eT sY3 87 89h PX RsT qE ScJ 9y M6 VCI Uj KKV Hm q1f rn iVt 05 yC rxc lK BHI 1+ +as 3i Fka cY VM UmO 6n pug n1 GNg kk +Lf VS wx PKx nT Iu5 Yq GnH jZ /NL p+ TM KgM Sx tqW Qj JXf 09 kND Jm Eg W2M 6I 4Ms ve TPz P6 6YY Xv uZ UEm KX LHF oj CVB GM ye5 sM hO YM5 cQ Syr Sw txI 2o poy tO GU bAj e8 sur pH VR9 dy qd3 9Z qd /kc RT hBE 7h HDy 4g jrc QQ Oa wCC EZ 3iF N2 fsv Dj vzs ei te DkM 8f wB8 7n DxS Dj Qw= </ la tex it ><l at exi t sha 1_ ba se6 4= "g5 2m BfV lf rpP bt 9A Dvc /q 3MA Fx Y=" >A AAB 6X ic bVB NS 8NA EJ 3Ur 1q /qh 69 LB bBU 0l E0F uL Xjx Ws R/Q hr LZ btq lm 03Y nQ gl9 B9 48a CI V/ +RN /+ N2z YH bX0 w8 Hhv hp l5 QSK FQ df9 dg pr6 xu bW8 Xt 0s 7u3 v5 B+f Co ZeJ UM 95k sY x1 J6C GS 6F4 Ew VK3 kk 0p1 Eg eT sY3 87 89h PX RsT qE ScJ 9y M6 VCI Uj KKV Hm q1f rn iVt 05 yC rxc lK BHI 1+ +as 3i Fka cY VM UmO 6n pug n1 GNg kk +Lf VS wx PKx nT Iu5 Yq GnH jZ /NL p+ TM KgM Sx tqW Qj JXf 09 kND Jm Eg W2M 6I 4Ms ve TPz P6 6YY Xv uZ UEm KX LHF oj CVB GM ye5 sM hO YM5 cQ Syr Sw txI 2o poy tO GU bAj e8 sur pH VR9 dy qd3 9Z qd /kc RT hBE 7h HDy 4g jrc QQ Oa wCC EZ 3iF N2 fsv Dj vzs ei te DkM 8f wB8 7n DxS Dj Qw= </ la tex it >
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Figure 6. Deforming the A modular flow to include a Euclidean rotation by pi moves the geodesic
back to the original side. We claim that the geodesic connected from mA to y does not get effected
by the non-trivial geometry of the Milne wedge associated to mB . This can be understood by
continuously deforming from the case in Fig 5.
It is still however hard to have x = y and satisfy all of the local boost rules for different
values of s. If we consider B to be a small deformation of A, parameterized by δz then we
claim that we can approximately satisfy the local boost conditions up to O(δz) corrections.
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Thus we can apply rule 2. The reason for this is as follows. When δz = 0 and x = y, the
correlator becomes exactly the mirror correlator studied in the previous section and any s
dependence goes away in this limit. This mirror correlator is determined by a geodesic from
x to ξ(x). Deforming to non-zero δz the local boost conditions slightly deform the location
of the geodesics but overall the nested boosts will approximately reflect the geodesic back
on itself. Applying the discontinuous version of the second rule (2.18) we arrive at a picture
of geodesics that looks like Fig 7. The picture is zoomed in close to the entangling surface
at some point ξ?. The deformations of the entangling surface are defined in the normal
coordinates of (2.16) where we will set δz± ≡ δz±(ξ?). We pick the convention that δz±
points from the mA to mB, such that if nesting is satisfied δz
+ < 0 and δz− > 0.
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<latexit sha1_base6 4="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAA B6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GP Ri8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/k zX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3N reJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2 DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8 pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYp RFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1V NIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ 0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmM y+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55V XSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyY wQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jm M/A==</latexit><latexit sha1_base6 4="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAA B6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GP Ri8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/k zX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3N reJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2 DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8 pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYp RFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1V NIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ 0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmM y+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55V XSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyY wQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jm M/A==</latexit><latexit sha1_base6 4="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAA B6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GP Ri8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/k zX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3N reJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2 DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8 pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYp RFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1V NIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ 0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmM y+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55V XSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyY wQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jm M/A==</latexit><latexit sha1_base6 4="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAA B6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GP Ri8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/k zX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3N reJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2 DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8 pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYp RFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1V NIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ 0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmM y+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55V XSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyY wQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jm M/A==</latexit>
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<latexit sha1_base64="45VZ4Uknx46IZumtNUA0xAyn58M=">AAAB+HicbVDLSsNAFL3xWeu jUZduBosgCCURQZelbrqsYB/QxjCZTtqhk0mYmQg19EvcuFDErZ/izr9x0mahrQcGDufcyz1zgoQzpR3n21pb39jc2i7tlHf39g8q9uFRR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB5Db3u49U KhaLez1NqBfhkWAhI1gbybcrgwjrMcE8a84eLvyGb1edmjMHWiVuQapQoOXbX4NhTNKICk04VqrvOon2Miw1I5zOyoNU0QSTCR7RvqECR1R52Tz4DJ0ZZYjCWJonNJqrvzcyHCk1jQIzmcdUy14u/u f1Ux3eeBkTSaqpIItDYcqRjlHeAhoySYnmU0MwkcxkRWSMJSbadFU2JbjLX14lncua69Tcu6tqvVHUUYITOIVzcOEa6tCEFrSBQArP8Apv1pP1Yr1bH4vRNavYOYY/sD5/AF4OkuE=</latexit><latexit sha1_base64="45VZ4Uknx46IZumtNUA0xAyn58M=">AAAB+HicbVDLSsNAFL3xWeu jUZduBosgCCURQZelbrqsYB/QxjCZTtqhk0mYmQg19EvcuFDErZ/izr9x0mahrQcGDufcyz1zgoQzpR3n21pb39jc2i7tlHf39g8q9uFRR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB5Db3u49U KhaLez1NqBfhkWAhI1gbybcrgwjrMcE8a84eLvyGb1edmjMHWiVuQapQoOXbX4NhTNKICk04VqrvOon2Miw1I5zOyoNU0QSTCR7RvqECR1R52Tz4DJ0ZZYjCWJonNJqrvzcyHCk1jQIzmcdUy14u/u f1Ux3eeBkTSaqpIItDYcqRjlHeAhoySYnmU0MwkcxkRWSMJSbadFU2JbjLX14lncua69Tcu6tqvVHUUYITOIVzcOEa6tCEFrSBQArP8Apv1pP1Yr1bH4vRNavYOYY/sD5/AF4OkuE=</latexit><latexit sha1_base64="45VZ4Uknx46IZumtNUA0xAyn58M=">AAAB+HicbVDLSsNAFL3xWeu jUZduBosgCCURQZelbrqsYB/QxjCZTtqhk0mYmQg19EvcuFDErZ/izr9x0mahrQcGDufcyz1zgoQzpR3n21pb39jc2i7tlHf39g8q9uFRR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB5Db3u49U KhaLez1NqBfhkWAhI1gbybcrgwjrMcE8a84eLvyGb1edmjMHWiVuQapQoOXbX4NhTNKICk04VqrvOon2Miw1I5zOyoNU0QSTCR7RvqECR1R52Tz4DJ0ZZYjCWJonNJqrvzcyHCk1jQIzmcdUy14u/u f1Ux3eeBkTSaqpIItDYcqRjlHeAhoySYnmU0MwkcxkRWSMJSbadFU2JbjLX14lncua69Tcu6tqvVHUUYITOIVzcOEa6tCEFrSBQArP8Apv1pP1Yr1bH4vRNavYOYY/sD5/AF4OkuE=</latexit><latexit sha1_base64="45VZ4Uknx46IZumtNUA0xAyn58M=">AAAB+HicbVDLSsNAFL3xWeu jUZduBosgCCURQZelbrqsYB/QxjCZTtqhk0mYmQg19EvcuFDErZ/izr9x0mahrQcGDufcyz1zgoQzpR3n21pb39jc2i7tlHf39g8q9uFRR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB5Db3u49U KhaLez1NqBfhkWAhI1gbybcrgwjrMcE8a84eLvyGb1edmjMHWiVuQapQoOXbX4NhTNKICk04VqrvOon2Miw1I5zOyoNU0QSTCR7RvqECR1R52Tz4DJ0ZZYjCWJonNJqrvzcyHCk1jQIzmcdUy14u/u f1Ux3eeBkTSaqpIItDYcqRjlHeAhoySYnmU0MwkcxkRWSMJSbadFU2JbjLX14lncua69Tcu6tqvVHUUYITOIVzcOEa6tCEFrSBQArP8Apv1pP1Yr1bH4vRNavYOYY/sD5/AF4OkuE=</latexit>
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<latexit sha1_base64="ticOBUFQXrT+VZpfNH0K7Sni8us=">AAAB+HicbVDLSsNAFL3xWeu jUZduBosgCCURQZdVN11WsA9oY5hMJ+3QySTMTIQa+iVuXCji1k9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zba2srq1vbJa2yts7u3sVe/+greJUEtoiMY9lN8CKciZoSzPNaTeRFEcBp51gfJv7nUcq FYvFvZ4k1IvwULCQEayN5NuVfoT1iGCeNaYPZ/61b1edmjMDWiZuQapQoOnbX/1BTNKICk04VqrnOon2Miw1I5xOy/1U0QSTMR7SnqECR1R52Sz4FJ0YZYDCWJonNJqpvzcyHCk1iQIzmcdUi14u/u f1Uh1eeRkTSaqpIPNDYcqRjlHeAhowSYnmE0MwkcxkRWSEJSbadFU2JbiLX14m7fOa69Tcu4tq/aaoowRHcAyn4MIl1KEBTWgBgRSe4RXerCfrxXq3PuajK1axcwh/YH3+AFyKkuA=</latexit><latexit sha1_base64="ticOBUFQXrT+VZpfNH0K7Sni8us=">AAAB+HicbVDLSsNAFL3xWeu jUZduBosgCCURQZdVN11WsA9oY5hMJ+3QySTMTIQa+iVuXCji1k9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zba2srq1vbJa2yts7u3sVe/+greJUEtoiMY9lN8CKciZoSzPNaTeRFEcBp51gfJv7nUcq FYvFvZ4k1IvwULCQEayN5NuVfoT1iGCeNaYPZ/61b1edmjMDWiZuQapQoOnbX/1BTNKICk04VqrnOon2Miw1I5xOy/1U0QSTMR7SnqECR1R52Sz4FJ0YZYDCWJonNJqpvzcyHCk1iQIzmcdUi14u/u f1Uh1eeRkTSaqpIPNDYcqRjlHeAhowSYnmE0MwkcxkRWSEJSbadFU2JbiLX14m7fOa69Tcu4tq/aaoowRHcAyn4MIl1KEBTWgBgRSe4RXerCfrxXq3PuajK1axcwh/YH3+AFyKkuA=</latexit><latexit sha1_base64="ticOBUFQXrT+VZpfNH0K7Sni8us=">AAAB+HicbVDLSsNAFL3xWeu jUZduBosgCCURQZdVN11WsA9oY5hMJ+3QySTMTIQa+iVuXCji1k9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zba2srq1vbJa2yts7u3sVe/+greJUEtoiMY9lN8CKciZoSzPNaTeRFEcBp51gfJv7nUcq FYvFvZ4k1IvwULCQEayN5NuVfoT1iGCeNaYPZ/61b1edmjMDWiZuQapQoOnbX/1BTNKICk04VqrnOon2Miw1I5xOy/1U0QSTMR7SnqECR1R52Sz4FJ0YZYDCWJonNJqpvzcyHCk1iQIzmcdUi14u/u f1Uh1eeRkTSaqpIPNDYcqRjlHeAhowSYnmE0MwkcxkRWSEJSbadFU2JbiLX14m7fOa69Tcu4tq/aaoowRHcAyn4MIl1KEBTWgBgRSe4RXerCfrxXq3PuajK1axcwh/YH3+AFyKkuA=</latexit><latexit sha1_base64="ticOBUFQXrT+VZpfNH0K7Sni8us=">AAAB+HicbVDLSsNAFL3xWeu jUZduBosgCCURQZdVN11WsA9oY5hMJ+3QySTMTIQa+iVuXCji1k9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zba2srq1vbJa2yts7u3sVe/+greJUEtoiMY9lN8CKciZoSzPNaTeRFEcBp51gfJv7nUcq FYvFvZ4k1IvwULCQEayN5NuVfoT1iGCeNaYPZ/61b1edmjMDWiZuQapQoOnbX/1BTNKICk04VqrnOon2Miw1I5xOy/1U0QSTMR7SnqECR1R52Sz4FJ0YZYDCWJonNJqpvzcyHCk1iQIzmcdUi14u/u f1Uh1eeRkTSaqpIPNDYcqRjlHeAhowSYnmE0MwkcxkRWSEJSbadFU2JbiLX14m7fOa69Tcu4tq/aaoowRHcAyn4MIl1KEBTWgBgRSe4RXerCfrxXq3PuajK1axcwh/YH3+AFyKkuA=</latexit>
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<latexit sha1_base64="XH6wueNd3QFXj2tQpWwVMzv3hNA=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBAEMey KoMegF48RzAOya5id7U2GzD6YmRXikt/w4kERr/6MN//GSbIHTSxoKKq66e7yU8GVtu1va2l5ZXVtvbRR3tza3tmt7O23VJJJhk2WiER2fKpQ8BibmmuBnVQijXyBbX94M/HbjygVT+J7PUrRi2g/5iFnVBvJPSNugEJT8vRw2qtU 7Zo9BVkkTkGqUKDRq3y5QcKyCGPNBFWq69ip9nIqNWcCx2U3U5hSNqR97Boa0wiVl09vHpNjowQkTKSpWJOp+nsip5FSo8g3nRHVAzXvTcT/vG6mwysv53GaaYzZbFGYCaITMgmABFwi02JkCGWSm1sJG1BJmTYxlU0IzvzLi6R1X nPsmnN3Ua1fF3GU4BCO4AQcuIQ63EIDmsAghWd4hTcrs16sd+tj1rpkFTMH8AfW5w+rpJDI</latexit><latexit sha1_base64="XH6wueNd3QFXj2tQpWwVMzv3hNA=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBAEMey KoMegF48RzAOya5id7U2GzD6YmRXikt/w4kERr/6MN//GSbIHTSxoKKq66e7yU8GVtu1va2l5ZXVtvbRR3tza3tmt7O23VJJJhk2WiER2fKpQ8BibmmuBnVQijXyBbX94M/HbjygVT+J7PUrRi2g/5iFnVBvJPSNugEJT8vRw2qtU 7Zo9BVkkTkGqUKDRq3y5QcKyCGPNBFWq69ip9nIqNWcCx2U3U5hSNqR97Boa0wiVl09vHpNjowQkTKSpWJOp+nsip5FSo8g3nRHVAzXvTcT/vG6mwysv53GaaYzZbFGYCaITMgmABFwi02JkCGWSm1sJG1BJmTYxlU0IzvzLi6R1X nPsmnN3Ua1fF3GU4BCO4AQcuIQ63EIDmsAghWd4hTcrs16sd+tj1rpkFTMH8AfW5w+rpJDI</latexit><latexit sha1_base64="XH6wueNd3QFXj2tQpWwVMzv3hNA=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBAEMey KoMegF48RzAOya5id7U2GzD6YmRXikt/w4kERr/6MN//GSbIHTSxoKKq66e7yU8GVtu1va2l5ZXVtvbRR3tza3tmt7O23VJJJhk2WiER2fKpQ8BibmmuBnVQijXyBbX94M/HbjygVT+J7PUrRi2g/5iFnVBvJPSNugEJT8vRw2qtU 7Zo9BVkkTkGqUKDRq3y5QcKyCGPNBFWq69ip9nIqNWcCx2U3U5hSNqR97Boa0wiVl09vHpNjowQkTKSpWJOp+nsip5FSo8g3nRHVAzXvTcT/vG6mwysv53GaaYzZbFGYCaITMgmABFwi02JkCGWSm1sJG1BJmTYxlU0IzvzLi6R1X nPsmnN3Ua1fF3GU4BCO4AQcuIQ63EIDmsAghWd4hTcrs16sd+tj1rpkFTMH8AfW5w+rpJDI</latexit><latexit sha1_base64="XH6wueNd3QFXj2tQpWwVMzv3hNA=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBAEMey KoMegF48RzAOya5id7U2GzD6YmRXikt/w4kERr/6MN//GSbIHTSxoKKq66e7yU8GVtu1va2l5ZXVtvbRR3tza3tmt7O23VJJJhk2WiER2fKpQ8BibmmuBnVQijXyBbX94M/HbjygVT+J7PUrRi2g/5iFnVBvJPSNugEJT8vRw2qtU 7Zo9BVkkTkGqUKDRq3y5QcKyCGPNBFWq69ip9nIqNWcCx2U3U5hSNqR97Boa0wiVl09vHpNjowQkTKSpWJOp+nsip5FSo8g3nRHVAzXvTcT/vG6mwysv53GaaYzZbFGYCaITMgmABFwi02JkCGWSm1sJG1BJmTYxlU0IzvzLi6R1X nPsmnN3Ua1fF3GU4BCO4AQcuIQ63EIDmsAghWd4hTcrs16sd+tj1rpkFTMH8AfW5w+rpJDI</latexit>
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<latexit sha1_base64="Anx2QKUiJONj38NFaPva+vcZaX8=">AAAB8XicbVBNS8NAEJ34WetX1aO XxSJ4sSQi6LHoxWMF+4FtLJvNtF262YTdjVBD/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbj6g0j+WdGSXoR7Qve Y8zaqx03wlRGEqeHk67pbJbcacgi8TLSRly1Lqlr04YszRCaZigWrc9NzF+RpXhTOC42Ek1JpQNaR/blkoaofaz6cVjcmyVkPRiZUsaMlV/T2Q00noUBbYzomag572J+J/XTk3v0s+4TFKDks0W9VJBTEwm75O QK2RGjCyhTHF7K2EDqigzNqSiDcGbf3mRNM4qnlvxbs/L1as8jgIcwhGcgAcXUIUbqEEdGEh4hld4c7Tz4rw7H7PWJSefOYA/cD5/AOzMkGk=</latexit><latexit sha1_base64="Anx2QKUiJONj38NFaPva+vcZaX8=">AAAB8XicbVBNS8NAEJ34WetX1aO XxSJ4sSQi6LHoxWMF+4FtLJvNtF262YTdjVBD/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbj6g0j+WdGSXoR7Qve Y8zaqx03wlRGEqeHk67pbJbcacgi8TLSRly1Lqlr04YszRCaZigWrc9NzF+RpXhTOC42Ek1JpQNaR/blkoaofaz6cVjcmyVkPRiZUsaMlV/T2Q00noUBbYzomag572J+J/XTk3v0s+4TFKDks0W9VJBTEwm75O QK2RGjCyhTHF7K2EDqigzNqSiDcGbf3mRNM4qnlvxbs/L1as8jgIcwhGcgAcXUIUbqEEdGEh4hld4c7Tz4rw7H7PWJSefOYA/cD5/AOzMkGk=</latexit><latexit sha1_base64="Anx2QKUiJONj38NFaPva+vcZaX8=">AAAB8XicbVBNS8NAEJ34WetX1aO XxSJ4sSQi6LHoxWMF+4FtLJvNtF262YTdjVBD/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbj6g0j+WdGSXoR7Qve Y8zaqx03wlRGEqeHk67pbJbcacgi8TLSRly1Lqlr04YszRCaZigWrc9NzF+RpXhTOC42Ek1JpQNaR/blkoaofaz6cVjcmyVkPRiZUsaMlV/T2Q00noUBbYzomag572J+J/XTk3v0s+4TFKDks0W9VJBTEwm75O QK2RGjCyhTHF7K2EDqigzNqSiDcGbf3mRNM4qnlvxbs/L1as8jgIcwhGcgAcXUIUbqEEdGEh4hld4c7Tz4rw7H7PWJSefOYA/cD5/AOzMkGk=</latexit><latexit sha1_base64="Anx2QKUiJONj38NFaPva+vcZaX8=">AAAB8XicbVBNS8NAEJ34WetX1aO XxSJ4sSQi6LHoxWMF+4FtLJvNtF262YTdjVBD/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbj6g0j+WdGSXoR7Qve Y8zaqx03wlRGEqeHk67pbJbcacgi8TLSRly1Lqlr04YszRCaZigWrc9NzF+RpXhTOC42Ek1JpQNaR/blkoaofaz6cVjcmyVkPRiZUsaMlV/T2Q00noUBbYzomag572J+J/XTk3v0s+4TFKDks0W9VJBTEwm75O QK2RGjCyhTHF7K2EDqigzNqSiDcGbf3mRNM4qnlvxbs/L1as8jgIcwhGcgAcXUIUbqEEdGEh4hld4c7Tz4rw7H7PWJSefOYA/cD5/AOzMkGk=</latexit>
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<latexit sha1_base64="0fmyAQlezugES1fe5Vw3p68dutU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQklE0GOpF48VTFtoY9lsN+3SzSbsTpRS+ hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYZJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyHN1O/+ci1EYm6x1HKg5j2lYgEo2gl/+nhvFvrlspuxZ2BLBMvJ2XIUe+Wvjq9hGUxV8gkNabtuSkGY6pRMMknxU5meErZkPZ521JFY26C8ezYCTm1So9EibalkMzU3xNjGhszi kPbGVMcmEVvKv7ntTOMroOxUGmGXLH5oiiTBBMy/Zz0hOYM5cgSyrSwtxI2oJoytPkUbQje4svLpHFR8dyKd3dZrtbyOApwDCdwBh5cQRVuoQ4+MBDwDK/w5ijnxXl3PuatK04+cwR/4Hz+AD/Rjk0=</latexit><latexit sha1_base64="0fmyAQlezugES1fe5Vw3p68dutU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQklE0GOpF48VTFtoY9lsN+3SzSbsTpRS+ hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYZJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyHN1O/+ci1EYm6x1HKg5j2lYgEo2gl/+nhvFvrlspuxZ2BLBMvJ2XIUe+Wvjq9hGUxV8gkNabtuSkGY6pRMMknxU5meErZkPZ521JFY26C8ezYCTm1So9EibalkMzU3xNjGhszi kPbGVMcmEVvKv7ntTOMroOxUGmGXLH5oiiTBBMy/Zz0hOYM5cgSyrSwtxI2oJoytPkUbQje4svLpHFR8dyKd3dZrtbyOApwDCdwBh5cQRVuoQ4+MBDwDK/w5ijnxXl3PuatK04+cwR/4Hz+AD/Rjk0=</latexit><latexit sha1_base64="0fmyAQlezugES1fe5Vw3p68dutU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQklE0GOpF48VTFtoY9lsN+3SzSbsTpRS+ hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYZJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyHN1O/+ci1EYm6x1HKg5j2lYgEo2gl/+nhvFvrlspuxZ2BLBMvJ2XIUe+Wvjq9hGUxV8gkNabtuSkGY6pRMMknxU5meErZkPZ521JFY26C8ezYCTm1So9EibalkMzU3xNjGhszi kPbGVMcmEVvKv7ntTOMroOxUGmGXLH5oiiTBBMy/Zz0hOYM5cgSyrSwtxI2oJoytPkUbQje4svLpHFR8dyKd3dZrtbyOApwDCdwBh5cQRVuoQ4+MBDwDK/w5ijnxXl3PuatK04+cwR/4Hz+AD/Rjk0=</latexit><latexit sha1_base64="0fmyAQlezugES1fe5Vw3p68dutU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQklE0GOpF48VTFtoY9lsN+3SzSbsTpRS+ hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYZJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyHN1O/+ci1EYm6x1HKg5j2lYgEo2gl/+nhvFvrlspuxZ2BLBMvJ2XIUe+Wvjq9hGUxV8gkNabtuSkGY6pRMMknxU5meErZkPZ521JFY26C8ezYCTm1So9EibalkMzU3xNjGhszi kPbGVMcmEVvKv7ntTOMroOxUGmGXLH5oiiTBBMy/Zz0hOYM5cgSyrSwtxI2oJoytPkUbQje4svLpHFR8dyKd3dZrtbyOApwDCdwBh5cQRVuoQ4+MBDwDK/w5ijnxXl3PuatK04+cwR/4Hz+AD/Rjk0=</latexit>
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Figure 7. Computation of the double modular flow correlator for small deformations δz±. There
are three segments and we extremize over parameters w+A , w
+
B that have their origin at the respective
entangling surfaces.
The length of these three pieces of the curve can be computed to first order by ex-
panding about the reflected geodesic associated to the mB entangling surface; from the
boundary point x and the reflection point ξ? = ξB(x) . According to (2.18) (2.20), the
total length is:
2`(x,XB(ξ?)) + (n+)?
(
w+B − w+Ae2pis − δz+
)
+ (n−)?δz−
+
(
δz−(−w+Be−2pis + w+A − δz+) + hij(δξiA − δξiB)(δξjA − δξjB)
)1/2
+O(δ2)
(3.8)
where we have used that fact that for the undeformed reflected geodesic (∂τξ
i)? = 0 and
defined δξA = ξA − ξ? and δξB = ξB − ξ?. Recall that n was defined in (2.11) and we only
need evaluate it on the incoming side of the mirror geodesic. It satisfies (n+n−)? = −1/4.
The small parameter δ means any of: δz±, δξA, δξB, w+B , w
+
A . Demanding (approximate)
extermality with respect to ξB, ξA, w
+
A and w
+
B and by assuming that the quadratic terms
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are generically non-vanishing then we arrive at the relation:
δξiA = δξ
i
B +O(δ2) (3.9)
2e2pis(n+)? =
δz−(
δz−(−w+Be−2pis + w+A − δz+)
)1/2 +O(δ)
(3.10)
Note that this does not individually fix w+A or δξ
i
A but it is not hard to see that they are
systematically fixed by the higher order terms. The length of the combined curves is also
fixed to the desired order:
= 2`(x,XB(ξ?)) +
1
2
(−e−2pis?(1 + e2pis)δz+ + e2pis?(1− e−2pis)δz−)
(3.11)
where
e2pis? =
(
−n−
n+
)1/2
?
(3.12)
This later quantity is related to the angle at which the probe geodesic comes into the
entangling surface.
Note that there is a second way to arrive at (3.11) that follows more directly the
original version of Rule 2. This is a little harder to describe, so we will not go into details.
The idea involves allowing for small deformations of the entangling surfaces so that the
local boost rules may be satisfied as we vary s. Expanding linearly about this deformation
to come back to the original entangling surface gives the same result in (3.11).
With this result we can study the particular ratio of correlators that we mentioned in
the introduction. We will present theses slightly differently to make some of the properties
obvious. Define the operator:
U(t) = ∆itB∆
−it
A (3.13)
The operator norm of U(t) is bounded by 1 in the strip 0 < Imt < 1/2. For a recent review
that discusses this property of nested modular operators see [37], some of the original
literature can be found in [38–40]. We now calculate matrix elements of U(t) using the
normalized states:
|β〉 = ∆
1/4
B O(x) |ψ〉
〈ψ| O(x)∆1/2B O(x) |ψ〉
|α〉 = ∆
1/4
A O(x) |ψ〉
〈ψ| O(x)∆1/2A O(x) |ψ〉
(3.14)
So that we know that the function:
iM(t) + 1 ≡ 〈β|U(t) |α〉 (3.15)
is bounded by 1 such that ImM(E) ≥ 0 for E ≡ e−2pit in the lower half plane. This
function has other known symmetries, including an interesting generalization of the KMS
condition. They are:
M(t) = − (M(t? + i/2))? (3.16)
M(t)|A↔B =M(t+ i/2) (3.17)
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and follow from the usual manipulations that derive the KMS condition for a single modular
flow, with the additional result that:
JBJA = ∆
1/2
B ∆
−1/2
A (3.18)
which follows since we have the identity:
JB∆
1/2
B JA∆
1/2
A OB |ψ〉 = OB |ψ〉 (3.19)
We will now calculate this for small deformations between A and B. M is related
to the double flow correlator we computed above if we set s = t − i/4. Since we defined
everything with respect to the mirrored operator associated to B, the A mirror operator
that appears in the denominator of M receives corrections that cancel the terms without
any s dependence in (3.11). We are left with:
M(t) = −m
2
(
−δz−(ξ?)e−2pi(t−s?) + δz+(ξ?)e2pi(t−s?)
)
+O(δz2) (3.20)
Note that this satisfies the reality condition of (3.16) and also the condition (3.17)
assuming we can achieve the switch between regions to linear order ing δz± by simply
switching the sign δz± → −δz±.
It is now clear that this violates the boundedness of U(t) unless:
δz−(ξ?) > 0 δz+(ξ?) < 0 (3.21)
Recall that the point ξ? is determined by the mirrored geodesic at the B entangling surface
ξB(x). So as we vary x we can map out the relative entangling surface location, and in
particular this location is constrained by Entanglement Wedge Nesting (3.21). Note that
if we further maximize the correlator over real s with t = s + i/2, at the maximum point
s = smax this correlator simply computes the length of bulk deformation:
M(smax − i/2) = m
√
−δz−(ξ?)δz+(ξ?) (3.22)
We thus expect that a fairly detailed picture of the bulk can be obtained from these correla-
tors. Note that EWN can be shown to follow directly from the bulk theory after assuming
the Null Energy Condition (NEC) and a classical description via Einstein’s equations [22].
Here we have given a boundary argument, a goal that we have not yet realized, would be to
find a boundary description of the the bulk NEC. However the relation between EWN and
NEC is not direct so we cannot use our methods in their current form. We still consider
this a step in the right direction.
We also note that EWN in some sense is a trivial consequence of the JLMS map between
bulk and boundary modular Hamiltonians. We know the double modular flow correlators
of the boundary must have a certain analytic structure dictated by the causality of nested
regions, and since one can be reasonably sure that any bulk violation of nesting would lead
to non-analyticities of the bulk modular flow correlators, violations of the EWN would be
in conflict with the JLMS map. Despite this our specific results are useful since they tell
us exactly how causality and analyticity would be violated. Not only that we can use these
results to extract information about the bulk directly from the boundary theory.
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3.3 The Quantum Null Energy Condition
It is well known that the EWN condition, when applied to nested regions near the boundary
of AdS reduces to the statement of the Quantum Null Energy Condition [41, 42] for the dual
boundary QFT [43]. Thus it must be the case that our new purely boundary understanding
of EWN reduces to the recent discussion of the QNEC purely from the boundary interacting
QFT point of view [24]. The ingredients are basically the same, so there should be no
surprises here. It is still useful to go through the exercise, as it will give an independent
check on the rules that we describe. Here we will computeM in a similar kinematical limit
to [24]. For a more precise match to the function f(s) in that paper see Appendix A.
To extract the QNEC the bulk point ξ must limit to the boundary of the entangling
surface. This will happen if x→ ∂B on the boundary. In this case we are probing physics
near the UV of the bulk theory and so we can take the bulk space to be AdS plus some
small corrections that die off near the boundary in a Fefferman-Graham expansion. For
simplicity we will take the boundary theory to be a CFT (with no mass deformations)
and assume the entangling surface near the point x is sufficiently flat that we can ignore
extrinsic curvature effects.
We aim to compute (3.20). There are two ingredients to this, relating to the motion of
the entangling surface, and the probe geodesic. We start by finding δz±. In some general
bulk state ψ, the metric near the boundary has a Fefferman-Graham expansion,
ds2 =
1
z2
(
− dudv + dz2 + d~y2 + 16piGN
d
zd 〈Tµν 〉ψ dxµdxν
)
(3.23)
We choose the RT surfaces, mA and mB, to be anchored at ∂A and ∂B which are taken
to be lightlike separated from each each along v = 0 and nearly light like separated from
x. We place the entangling surfaces symmetrically about the origin u = 0
u∂A = (X
−
0 )A = −
δx−
2
, u∂B = (X
−
0 )B =
δx−
2
(3.24)
In the bulk the co-dimensional two RT surfaces can be parameterized by u, v = X±(z, ~y)
where X±0 = X
±(0, ~y) with an expansion near the boundary:
X−A,B = (X
−
0 )A,B +O(z2), X+A,B =
8GN
d
zdPA,B− (y) (3.25)
The RT surfaces are lightlike separated on the boundary, and become spacelike separated
in the bulk.
The deformation vector between the two entangling surface is:
δz = δx−∂u +
8GN
d
zd(PB− − PA−)∂v (3.26)
and in order to find δz±, which were defined naturally in Gaussian normal coordinates we
need to decompose this vector into the null normal vectors k± (and possibly some vector
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along the surface). The null normals are linear combination of normal vectors defined via
na = g−1dfa for a = ± and:
f− = u−X−(z, ~y), f+ = v −X+(z, ~y) (3.27)
which describe the location of the entangling surface as the solution to f± = 0. We find
two unnormalized normal vectors,
n1 = −z2∂v, n2 = −z2∂u − 2GNzd+1PA−∂z −
16piGN
d
〈Tuu 〉ψ zd+2∂v (3.28)
where the null vectors k± = (hana)± are linear combination of na which satisfies (k±)2 =
0, k+ · k− = −1/2, k± ·Πi = 0, accordingly, one can solve for k±
k+ = z∂v + . . . , k− = z∂u +
16piGN
d
〈Tuu 〉ψ zd+1∂v + . . . (3.29)
Thus we can find δz±,
δz− = z−1δx−, δz+ =
16piGN
d
zd−1
(PB+ − PA+
2pi
− δx− 〈Tuu 〉ψ
)
(3.30)
We now have to treat the dependence on the probe geodesics which is completely encoded
M via e2pis? . In more general coordinates we have:
e−4pis
∗
= −∂τx(τ) · k+
∂τx(τ) · k−
∣∣∣∣∣
τm
(3.31)
Now since we want to keep track of the leading term multipying each of e±2pis in the GN
expansion of M, we can simply estimate e−4pis? in vacuum AdS. In this case since the
geodesic must reach the entangling surface mB perpendicularly the geodesic must be a half
of the semi circle centered on the entangling surface. In vacuum AdS, we know that the
projection of the geodesic in u− v plane is a straight lines, thus:
e−4pis
?
= −∆u
∆v
+O(GN ) (3.32)
We can also estimate the point where geodesic intersect mB in the bulk using vacuum AdS
results, zmax =
√−∆u∆v/4. We can obtain M according to (3.20),
iM' e−2pis m
∆u
δx− − e2pis 16piGNm
d∆v
(
−∆u∆v
4
)d/2(PB− − PA−
2pi
− δx− 〈Tuu 〉ψ
)
(3.33)
Positivity reduces to the statement of the QNEC. Note that the first term is trivially
positive and actually swamps the second term so this is a bit subtle here. The fix for this
is to write a sum rule for these terms, that projects onto each individual term, following
[44–46]. However we will not go into these details. Note that, although we will not show
the calculations, the same result (3.33) can be found using the boundary theory defect
CFT like calculation of [24] or the algebraic computations in [47] adapted to the slightly
different correlator studied here.
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4 Justification of rules
4.1 ∆1/2
We will start with an interesting observation for computing the specific modular flow
corresponding to a pi rotation. That is, the two point function of an operator with its
mirror. This will then lead us to the more general case.
In terms of reduced density matrices associated to the A Hilbert space consider the
following correlator:
Gn = TrAρ
n/2
A O(x)ρn/2A O(x)
/
TrρnA (4.1)
This can be computed using a path integral for even integers n = 2m. If we can then find
a natural analytic continuation in n the mirror correlator can be extracted as:〈
O(x)∆1/2A O(x)
〉
= limn→1Gn (4.2)
Such continuations from even integer to n = 1 are not unprecedented and have come up
in CFT replica computations of entanglement negativity [48]. Here we will find a natural
analytic continuation in the dual gravitational theory.
The replica trick for entanglement computations in holography was developed in [49,
50]. The Lewkowyc-Maldacena (LM) picture of the bulk spacetime, without any operators
insertions, is one where the classical bulk spacetime Bn is smooth around the fixed point of
the Zn symmetry which we assume extends into the bulk from ∂A. Recall that Bn solves
Einstein’s equations and has boundary Mn the replicated boundary theory. The locus of
Zn fixed points is co-dimension two and upon analytic continuation as n→ 1 becomes the
entangling surface mA. Focusing on a slice through this fixed point locus a natural cartoon
of the bulk is shown in Figure 8
Figure 8. The strategy for computing correlators with ∆1/2 involves computing correlators in
the smooth n-replicated geometry. Taking n even one always finds a geodesic that passes through
the Zn fixed point. Analytically continuing this answer results in a geodesic ending on the conical
singularity spacetime to the right. The correlator is related to twice the length of this geodesic.
In order to compute the correlator in (4.1) we should simply solve the Klein-Gordan
wave equation in this spacetime with boundary sources at the operator locations. The
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large m approximation computes the answer in terms of the length of a geodesic that
passes between the two boundary points. Since n = even, the two operator insertions are
necessarily on opposites sides of the above picture. They are related to each other by a
Z2 symmetry which is the subgroup generated by τn/2 ∈ Zn for τ the cyclic permutation.
Assuming the bulk geodesic also satisfies this Z2 symmetry (this assumption is similar to
the assumption of the lack of replica symmetry breaking in the original work of [49, 50])
then it necessarily passes through the fixed point locus of the Z2 symmetry which is the
entangling surface.
The correlator is approximately:
gn = minξ exp (−2m`n(x,XnA(ξ)) + . . .) (4.3)
where `n(x,X
n
A(ξ)) is the length of a geodesic in bulk Bn from the boundary point x on the
first replica to the Zn fixed point locus denoted here by XnA(ξ). Minimization guarantees
that the geodesic is smooth when we join it with the rotated geodesic after an action of
τn/2 and the symmetry means that it has the same length, hence the factor of 2 above.
The minimizing point will depend on n and will be denoted ξn(x).
It is then not hard to guess the analytic continuation of (4.3). Following LM we
introduce a new spacetime B̂n = Bn/Zn which has a conical deficit at XnA but allows for
a definition of the bulk when n is not integer. LM argued that n times the gravitational
action of B̂n, removing any contribution from the conical singularity, computes the Renyi
entropies:
TrρnA = exp
(
−nG−1N Sgrav(B̂n) + . . .
)
(4.4)
which is well defined for non-integer n and agrees with the action of Bn for integer n.
In the spacetime B̂n we can still find a geodesic from x to the conical singularity XnA(ξ)
and minimize it’s length. Denoting the length of this geodesic also by `n but now allowing
for n non-even integer gives the natural continuation of (4.3). The limit n→ 1 gives (3.5)
where it should be clear that limn→1 ξn(x) = ξ(x).
Note that just like the LM trick where the new spacetime B̂n only solves the equations
of motion away from the conical deficit, the curve constructed above also only solves the
geodesic equations of motion away from the conical singularity. Unfortunately this method
cannot be used to compute the backreaction of a very heavy bulk geodesic, if say m ≈ 1/`p
since the back reaction would destroy the underlying Zn symmetry that we are using to do
the continuation. A similar issue would arise if one tried to compute the one point function
of heavy (single replica) operators using the LM spacetime, since they would have a large
back-reaction on the bulk that does not preserve the cyclic symmetry.
Since this result is rather robust it would be nice to understand this from different
points of view. Indeed the paper [51] that has similar results to ours discusses a completely
different method to justify their results using the modular zero modes discussed in [52].
They did not apply this to the ∆1/2 case, but this does seem possible and it would be
worth developing further the relation between our two complementary approaches.
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4.2 Modular flow replica trick
We would like to generalize the above to compute the following:
gn,k(x, y) = Trρ
n−k
A O(x)ρkAO(y) (4.5)
which can be computed with a path integral for n, k integers and 0 ≤ k ≤ n. We will work
with x, y inserted in Euclidean on one of the boundary theory replicas. In Euclidean it is
easiest to understand operators inserted on ∈ A, A¯ since they can be easily continued from
real time, 4 but more generally one should define:
ρO(x) (4.6)
as the path integral that produces ρ except with an additional operator insertion at x. The
final goal is to compute (4.5) and then find a natural analytic continuation for n real and
k complex such that we can eventually send n → 1 and k → is. This continuation needs
to proceed in a particular order, spelled out in the Appendix D of [24].
This correlator obeys a KMS condition even after continuation:
gn,k+n(x, y) = gn,−k(y, x) (4.7)
We now proceed to map this correlator to the bulk. Again in the spacetime Bn we solve
for a boundary to boundary propagator by solving the Klein-Gordan equation with fixed
boundary sources at x(0) and y(k) where the superscript denotes which replica to source
the boundary operator. This is the boundary limit of the bulk to bulk propogator - which
is simply the Green’s function for the Klein-Gordan equation where there are no ordering
ambiguities because we work in Euclidean. This Green’s function will play an important
role below and we denote it Gn(X
(k), Y (q)) where X,Y are coordinates on a single bulk
replica and k, q label the different replicas. Then schematically:
gn,k(x, y) = lim
X→x,Y→y
Gn(X
(0), Y (k)) (4.8)
where the details of this limit, and stripping of the factors of the AdS radial direction z,
are not important.
Firstly we note that there is already a natural analytic continuation of Gn which we
describe now. Since we are essentially studying free bulk quantum field theory we can slice
up the space Bn using angular like coordinates around the entangling surface mA (the Zn
fixed points) and re-interpret this in a Hilbert space langauge for the bulk sub-region a
which is a region between A and mA. That is:
Gn(X
(0), X(k)) = Traρ
n−k
(n) φ(X)ρ
k
(n)φ(Y ) (4.9)
where ρ(n) is defined via a path integral with boundary conditions for the quantum fields
above and below a single replica: at a(0) and a(1) where the superscript again denotes the
4The arguments basically assume we have a natural Euclidean extension of the semi-classical bulk
spacetime dual to the state ψ, however our results are so general that this is likely not necessary.
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particular replica where the sub-region a lives. This density matrix was introduced in [53]
in order to compute the quantum corrections to the RT formula. The sub-script (n) is to
remind us that this path integral depends explicitly on n via the bulk spacetime Bn. This
reduced density matrix can also be defined on the spacetime B̂n where n need not be an
integer. Such that:
gn,is = lim
X→x,Y→y
Traρ
n−is
(n) φ(X)ρ
is
(n)φ(Y ) (4.10)
is the natural analytic continuation. Recall that because we are working away from n = 1
modular flow is analytic and periodic in the strip 0 ≤ Ims ≤ 2pin. This answer should
come as no surprise. It basically reduces to statement that bulk modular flow = boundary
modular flow when n = 1.
It is also not a very useful answer from our point of view since it relates a very hard
problem to a hard problem. However we will need the various quantities defined above in
later steps.
Instead we will return to integer n, k for a while. The next step is to apply Green’s
theorem on Bn to breakup the Green’s function Gn into an integral over several Green’s
functions. This will allow us to isolate various contributions to Gn in a way that allows us
to do the analytic continuation.
Consider the following general identity on Green’s function on some space S
G(X,Y ) =
∫
∂S1
G(X,Z1)n1 ·
↔
∇Z1 G(Z1, Y ) (4.11)
where S1 ⊂ S is some region containing X and not Y . Applying this rule again we have:
G(X,Y ) =
∫
∂S1
∫
∂S2
G(X,Z1)n1 ·
↔
∇Z1 G(Z1, Z2)n2 ·
↔
∇Z2 G(Z2, Y ) (4.12)
where X ∈ S1 and Y ∈ S2 and S1 ∩ S2 = 0. We will now apply this to the bulk space Bn
where we pick two non interesecting regions S1, S2 which contain the two boundary points
x, y on replica 0 and k respectively. We have:
gn,k(x, y) =
∫
∂S1
∫
∂S2
Kn(x
(0), Z
(0)
1 )n1 ·
↔
∇Z1 Gn(Z(0)1 , Z(k)2 )n2 ·
↔
∇Z2 Kn(Z(k)2 , y(k)) (4.13)
where K(x, Z) = limX→xGn(X,Z) is the bulk to boundary propogator. It is important
that we pick the regions S1,2 to be contained in a single replica but to come close to the
Zn fixed point. See Figure 9 for further explanation of what the regions S1,2 should look
like.
We use the replica symmetry to rewrite Kn(Z
(k)
2 , y
(k)) = Kn(Z
(0)
2 , y
(0)). The two bulk
to boundary propogators make no reference to k and so the analytic continuation is simple:
Kn(x
(0), Z
(0)
1 ) = Trρ
n
(n)φ(x)φ(Z1) Kn(y
(k), Z(k)) = Trρn(n)φ(y)φ(Z2) (4.14)
where now the only non-trivial analytic continuation is from the central term in (4.13)
which connects the two different replicas. Of course this is analogous to the realtime
discussion of Section 2 where modular flow only came from the connections across the two
– 24 –
??
Figure 9. We can compute a two point function in the replicated geometry by splitting the
contribution into three S1, S2 and (S1 ∪ S2)c. We pick S1,2 to lie on a single replica separated by k
replicas. We pick the regions to come close to the Zn fixed point, but drill a hole out of the region
there. The left shows the case with n = 4 and the right is n = 1. We pick the two regions to be
non-intersecting when viewed on a single replica. The regions will depend on n, and we can define
these regions on the conical space for non-integer n.
regions Ea and Ea¯. However now we can use the same analytic continuation as in (4.9)
where we simply replace the bulk correlator with modular flow with respect to ρ(n):
Gn(Z
(0)
1 , Z
(k)
2 ) = Traρ
n−is
(n) φ(Z1)ρ
is
(n)φ(Z2) (4.15)
Again one might not suspect this is useful since we don’t know much about bulk modular
flow, however if we can show that both the integrals over ∂S1,2 in (4.13) are dominated near
the Zn fixed point then we can approximate the modular flow correlator, for example when
s = iθ, by a simple geometric rotation around the fixed point. Of course for imaginary
modular flows, in Rindler space for the bulk QFT in vacuum we know the answer is given
by such a rotation. So here we are using the fact that the entanglement structure in QFT is
universal at short distances where we can additionally neglect the shape of the entangling
surface and simply take it to be flat.
While we do not know of a general proof of this statement, it seems likely a general
argument can be made along the lines of [54, 55]. For now we will be content to look
at some example computations where corrections away from Rindler flow were explicilty
calculated using defect CFT methods [24]. There one finds that when both operators
are near the entangling surface the geometric flow receives corrections in powers of the
distance to the entangling surface. The powers are determined by the various operators
that live on the defect CFT for the n-replicated theory. Most of these corrections do not
come with powers of m such that they are negligent compared to the leading semiclassical
piece and deformations thereof. Note that if we are using the CFT, we are examining
the correlation function at scales much shorter than m−1. Of course there will also be
corrections involving the mass, however we expect these are trivial since we know that in
Rindler space the massive theory also has geometric modular flow.
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Figure 10. Modular flow in Euclidean is described via an integral over three correlation functions
across the boundaries of the three regions above. The shaded regions are determined by the known
Green’s function while the unshaded region involves the modular flow correlator which in general
is not known. It is however constrained close to the RT surface which is in the center of the figure.
In the right figure we have done one of the boundary integrals assuming the approximation to local
flow using the vector field χE which is also shown here.
Plugging in (4.15) and (4.14) into the master integrals (4.13) and taking the limit
n → 1 will be our starting point for making approximations. A cartoon of this result is
in Figure 10. Assuming dominance for the Zi integrals near the entangling surface we can
replace:
Traρ
1−is
(1) φ(Z1)ρ
is
(1)φ(Z2) ≈ G(Z1, esχ(Z2)) + . . . (4.16)
where G = Gn=1 and χ is a vector field that generates boosts in real time close to the
entangling surface and away from the entangling surface we choose it arbitrarily. This
vector was introduced already in (2.17). For now we will mostly be interested in Euclidean
modular flow so we have wick rotated s = −iθ and χE = −iχ where χE now generates
rotations around the entangling surface. Picking gaussian normal coordinates:
ds2 = dwdw¯ + hij(y)dy
idyj + . . . (4.17)
this vector can be chosen to be:
χE = i (w∂w − w¯∂w¯) (4.18)
such that eθχE (w) = ei2piθw. Extending χE aribtrarily away from the entangling surface we
will make the replacement (4.16) in (4.13) everywhere even far away from the entangling
surface. This will be justified later when we show the dominate contribution comes from
close to the entangling surface. We find:
gn=1,θ(x, y) ≈
∫
∂S1
∫
∂S2
K(x, Z1)n1 ·
↔
∇Z1 G(Z1, eθχE (Z2))× n2 ·
↔
∇Z2 K(Z2, y) (4.19)
At this point it is important that we pick the regions S1 and S2 to not be overlapping on
the single remaining replica. Then we can undo Z1 integral, as along as e
θχE (Z2) does not
come inside the region S1. Such that:
g1,θ(x, y) ≈
∫
∂S2
Kn(x, e
iθχE (Z2))n2 ·
↔
∇Z2 Kn(Z2, y) (4.20)
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We can evaluate this in the saddle approximation for the integral over ∂S2 after replacing
theK ′s with their semi-classical approximations for largem. See the right part of Figure 10.
We pick ∂S2 to have a small segment that wraps a semi-circle around the entangling surface
at some fixed distance ρ. Self consistency of the approximation demands that there should
be a saddle along this small segment where ρ can be taken small. If ρ is indeed small then
we can approximate the saddle by expanding around geodesics that go to the entangling
surface at ξ. The lengths of the sum of such geodesics is:
`(x,XA(ξ)) + `(y,XA(ξ))+
1
2
(
e−1x (e
−i2piθ∂τwxδw¯ + ei2piθ∂τ w¯xδw) + e−1y (∂τwyδw¯ + ∂τ w¯yδw)
)
2hij(ξ)δy
i(e−1x ∂τy
j
x + e
−1
y ∂τy
j
y) (4.21)
where the deformations away from the entangling surface are given, in holomorphic coordi-
nates, by δw for the x-geodesic and e−i2piθδw for the y-geodesic. This is the jump condition
that is implied by the expression in (4.20). We must constrain δw = ρeiφ for fixed ρ. Min-
imizing over δyi and φ give Wick rotated versions of the conditions in (2.12-2.13). Note in
particular these equations say nothing about φ. So there is a family of piecewise geodesics
that are parameterized by τ , satisfy the jump condition at the ρ surface:
wx = e
−i2piθwy (4.22)
and to leading order in ρ satisfy the momentum conditions of (2.12). There is one value of
θ for which the geodesic exactly passes through the entangling surface, giving Rule 1, and
as long as the minimal value of ρ that still allows for a saddle can be taken small these other
cases give rule 2 with O(ρ2min) corrections to the actually length of the geodesic away from
`(x,XA(ξ)) + `(y,XA(ξ)). Note that the computation that we have outlined is the natural
Wick rotated version of Rule 2. Indeed we get the version of Rule 2 that is convenient
for calculating with, that involves a discontinuous geodesic across the null surface H+. So
after passing to real times, by simultaneously deforming the regions S2 to the real time
section and then pushing it to ∂Ea, and making the modular flow parameter real this gives
a derivation of this rule. Note that the wick rotation here sends the euclidean Green’s
function to the Feynman ordered Green’s function.
One may worry that while this is one possible saddle for the integrals in (4.13), there
might be others that are outside of the regime of the approximation used in (4.16). And
these may dominate. If we can’t calculate in this case it seems hard to check this cannot
happen. We will now give strong evidence that that we have found the dominant saddle at
large m, once we impose the matching condition on the parameters x, y, s. This argument
works in real times where we assume the underlying Euclidean manifold has some time
reflection symmetry.
Let us first consider the case where the two points on opposite wedges and take s to
be real. Consider the Cauchy-Schwarz bound:
| 〈ψ| O(x)∆isAO(y) |ψ〉 |2 ≤ 〈ψ| O(x)∆1/2A O(x) |ψ〉 〈ψ| O(y)∆−1/2A O(y) |ψ〉 (4.23)
Since the y operator is inserted in A¯ we have the relation JA∆
−1/2
A O(y) |ψ〉 = O(y)† |ψ〉 =
O(y) |ψ〉. So indeed both of the correlators on the right hand side of (4.23) are mirror op-
erator correlators. They are thus both computable in the geodesic approximation. Indeed
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we have exactly computed the right hand side using a different replica trick for ∆1/2 in
Section 4.1. If we consider parameters such that ∂τy
j = 0 at the RT surface for the geodesic
on the left hand side of (4.23) then it is not hard to see that the classical lengths are the
same for both sides of the bound. Thus Cauchy-Schwarz is approximately saturated. It is
not exactly saturated because we have not computed the one loop determinants that will
differ by an order 1 amount. While this fact is intriguing to us, we will leave exploration
of it to future work. We only need to know that if any other saddle exists for the left hand
side of (4.23), it must have longer length or the same length - because this saddle is already
saturating an upper bound.
We can make a similar argument when the operators are in the same wedges with:
| 〈ψ| O(x)∆is+1/2A |O(y)〉 |2 ≤ 〈ψ| O(x)∆1/2A O(x) |ψ〉 〈ψ| O(y)∆1/2A O(y) |ψ〉 (4.24)
For most of the results of this paper we use the case where the momentum ∂τy
j at the
entangling surface is zero or small, so this is all the evidence we really need. In other cases
where the momentum along the surface is non-zero one is still fairly close to saturating
this bound, and we think this is strong evidence that no other saddles may dominate.
We note that the special curves that do saturate the Cauchy-Schwarz bound seem to
play a special role. They can be explicitly written as:
y⊥x (s) ≡ y(x,ξ(x))(s) (4.25)
It would be interesting to understand better the meaning of these special curves, and
weather they can be used to more generally constrain modular flow.
5 Discussion
In this paper we have given new rules for computing modular flow of heavy probe operators
in AdS/CFT. These rules can be used to extract causal properties of the bulk theory such
as entanglement wedge nesting. We also highlighted the importance of the so called mirror
operators who’s correlation function with the original operator are computed by reflected
geodesics. Such mirror operators allow one to map out the entangling surface from a
boundary region A with a map ξ(x).
The rules we have introduced here can be used to extract many other properties of the
bulk. One might eventually hope to be able to write Einstein’s equations, or perhaps some
causal property directly related to Einstein’s equations such as the Quantum Focusing
Condition in terms of these correlators. We leave such extensions to future work.
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Appendix
A Re-deriving the QNEC results
In this section, we focus on the class of correlators studied in [24]
f(s) =
〈ψ| O(xB)∆isB∆−isA O(xA¯)|ψ 〉
〈Ω| O(xB)∆isB,Ω∆−isA,ΩO(xA¯)|Ω 〉
(A.1)
here A and B are two sub-regions on the boundary, which satisfied D(B) ⊂ D(A). The
entangling surfaces ΣA,B intersect with boundary at ∂A and ∂B and these two entangling
surfaces are light like separated there. For simplification, set ∂A and ∂B to be symmetric
with respect to the origin (of our null coordinates) and also take the operator insertions
xB, xA symmetric about this surface. ΣA,B have two local normal null coordinates k±
satisfying (2.9). We work in FG coordinates (3.23).
According to rule 2, the geodesic is separated into three parts: left, middle and right
and discontinuous along the null light-sheets that pass through ΣA,B in the k
A,B
+ direction.
By symmetry we only need to consider the left (L) and middle (M) segments and we can
parameterize this with −1 < τ < 0. We will find that at the mid point, and to leading
order in the state, x±M (0) = 0 and x
i
M (0) = ξ
i
min for some as yet unfixed ξ
i
min. Note that
ξi = (~y, z). The other boundary conditions are:
xL(−1) = xB (A.2)
xiL(−1/2) = ξiB, x−L (−1/2) = X−B (ξB), x+L (−1/2) = v∗B (A.3)
xiM (−1/2) = ξiB, x−M (−1/2) = X−B (ξB), x+M (−1/2) = v∗Be−s (A.4)
where τ = −1/2 is the matching point between the left and middle segments and varying
over v∗B and ξB gives the other set of matching condition for the momentum of the geodesic
as it crosses the “horizons” of RT surfaces: (2.12) and (2.13).
A.1 Example: geodesic in pure AdS
In this parts, we would solve geodesics between xA¯ and xB in vacuum with double modular
flow transformation. Of course in vacuum these are simple boosts and the result should be
computed by the length of a single geodesic after the action of these boosts. However it
is useful to first construct the relevant piecewise continuous geodesic in this case - we will
then use this to perturb around vacuum.
We can solve for this geodesic by imposing boundary conditions (A.2) and matching
conditions (2.12) and (2.13) in AdS. We choose to parameterize the curve by τ → u which
is a gauge choice. We proceed as follows.
A general geodesics between two boundary points are half circles in the bulk,
z2vac(u) = z
2
min +K(u− umin)2, K = −
∆u
∆v
(A.5)
K is the slope of the geodesic projection onto the z plane, which is a constant in pure AdS.
∆u(v) is the distance between two boundary points. zmin is the lowest points of geodesic.
In pure AdS, we have z2min = −∆u∆v4 .
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x00B
<latexit sha1_base64="hKN4pUwWw6 ARyXNTZa1p1nu7XFI=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSL1VBIR9FjqxWM F0xbaUDbbTbt0swm7E7GU/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfztr 6xubWdmGnuLu3f3BYOjpumiTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7cxvPX JtRKIecJzyIKYDJSLBKFrJf+rVK5VeqexW3TnIKvFyUoYcjV7pq9tPWBZzhUxSY zqem2IwoRoFk3xa7GaGp5SN6IB3LFU05iaYzI+dknOr9EmUaFsKyVz9PTGhsTHjO LSdMcWhWfZm4n9eJ8PoJpgIlWbIFVssijJJMCGzz0lfaM5Qji2hTAt7K2FDqilD m0/RhuAtv7xKmpdVz61691flWj2PowCncAYX4ME11OAOGuADAwHP8ApvjnJenHf nY9G65uQzJ/AHzucP59eOEw==</latexit><latexit sha1_base64="hKN4pUwWw6 ARyXNTZa1p1nu7XFI=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSL1VBIR9FjqxWM F0xbaUDbbTbt0swm7E7GU/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfztr 6xubWdmGnuLu3f3BYOjpumiTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7cxvPX JtRKIecJzyIKYDJSLBKFrJf+rVK5VeqexW3TnIKvFyUoYcjV7pq9tPWBZzhUxSY zqem2IwoRoFk3xa7GaGp5SN6IB3LFU05iaYzI+dknOr9EmUaFsKyVz9PTGhsTHjO LSdMcWhWfZm4n9eJ8PoJpgIlWbIFVssijJJMCGzz0lfaM5Qji2hTAt7K2FDqilD m0/RhuAtv7xKmpdVz61691flWj2PowCncAYX4ME11OAOGuADAwHP8ApvjnJenHf nY9G65uQzJ/AHzucP59eOEw==</latexit><latexit sha1_base64="hKN4pUwWw6 ARyXNTZa1p1nu7XFI=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSL1VBIR9FjqxWM F0xbaUDbbTbt0swm7E7GU/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfztr 6xubWdmGnuLu3f3BYOjpumiTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7cxvPX JtRKIecJzyIKYDJSLBKFrJf+rVK5VeqexW3TnIKvFyUoYcjV7pq9tPWBZzhUxSY zqem2IwoRoFk3xa7GaGp5SN6IB3LFU05iaYzI+dknOr9EmUaFsKyVz9PTGhsTHjO LSdMcWhWfZm4n9eJ8PoJpgIlWbIFVssijJJMCGzz0lfaM5Qji2hTAt7K2FDqilD m0/RhuAtv7xKmpdVz61691flWj2PowCncAYX4ME11OAOGuADAwHP8ApvjnJenHf nY9G65uQzJ/AHzucP59eOEw==</latexit><latexit sha1_base64="hKN4pUwWw6 ARyXNTZa1p1nu7XFI=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSL1VBIR9FjqxWM F0xbaUDbbTbt0swm7E7GU/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfztr 6xubWdmGnuLu3f3BYOjpumiTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7cxvPX JtRKIecJzyIKYDJSLBKFrJf+rVK5VeqexW3TnIKvFyUoYcjV7pq9tPWBZzhUxSY zqem2IwoRoFk3xa7GaGp5SN6IB3LFU05iaYzI+dknOr9EmUaFsKyVz9PTGhsTHjO LSdMcWhWfZm4n9eJ8PoJpgIlWbIFVssijJJMCGzz0lfaM5Qji2hTAt7K2FDqilD m0/RhuAtv7xKmpdVz61691flWj2PowCncAYX4ME11OAOGuADAwHP8ApvjnJenHf nY9G65uQzJ/AHzucP59eOEw==</latexit>
x00A
<latexit sha1_base64="8QzF6E95XO0Q3Xxe9taj5NbHgng=">AAAB7HicbVBN S8NAEJ34WetX1aOXxSL1VBIR9Fj14rGCaQttKJvtpF262YTdjVhKf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiE S1QqpRcIm+4UZgK1VI41BgMxzeTv3mIyrNE/lgRikGMe1LHnFGjZX8p+51pdItld2qOwNZJl5OypCj3i19dXoJy2KUhgmqddtzUxOMqTKcCZwUO5nGlLIh7WPbUklj1 MF4duyEnFqlR6JE2ZKGzNTfE2Maaz2KQ9sZUzPQi95U/M9rZya6CsZcpplByeaLokwQk5Dp56THFTIjRpZQpri9lbABVZQZm0/RhuAtvrxMGudVz6169xfl2k0eRwG O4QTOwINLqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8f5lGOEg==</latexit><latexit sha1_base64="8QzF6E95XO0Q3Xxe9taj5NbHgng=">AAAB7HicbVBN S8NAEJ34WetX1aOXxSL1VBIR9Fj14rGCaQttKJvtpF262YTdjVhKf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiE S1QqpRcIm+4UZgK1VI41BgMxzeTv3mIyrNE/lgRikGMe1LHnFGjZX8p+51pdItld2qOwNZJl5OypCj3i19dXoJy2KUhgmqddtzUxOMqTKcCZwUO5nGlLIh7WPbUklj1 MF4duyEnFqlR6JE2ZKGzNTfE2Maaz2KQ9sZUzPQi95U/M9rZya6CsZcpplByeaLokwQk5Dp56THFTIjRpZQpri9lbABVZQZm0/RhuAtvrxMGudVz6169xfl2k0eRwG O4QTOwINLqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8f5lGOEg==</latexit><latexit sha1_base64="8QzF6E95XO0Q3Xxe9taj5NbHgng=">AAAB7HicbVBN S8NAEJ34WetX1aOXxSL1VBIR9Fj14rGCaQttKJvtpF262YTdjVhKf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiE S1QqpRcIm+4UZgK1VI41BgMxzeTv3mIyrNE/lgRikGMe1LHnFGjZX8p+51pdItld2qOwNZJl5OypCj3i19dXoJy2KUhgmqddtzUxOMqTKcCZwUO5nGlLIh7WPbUklj1 MF4duyEnFqlR6JE2ZKGzNTfE2Maaz2KQ9sZUzPQi95U/M9rZya6CsZcpplByeaLokwQk5Dp56THFTIjRpZQpri9lbABVZQZm0/RhuAtvrxMGudVz6169xfl2k0eRwG O4QTOwINLqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8f5lGOEg==</latexit><latexit sha1_base64="8QzF6E95XO0Q3Xxe9taj5NbHgng=">AAAB7HicbVBN S8NAEJ34WetX1aOXxSL1VBIR9Fj14rGCaQttKJvtpF262YTdjVhKf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiE S1QqpRcIm+4UZgK1VI41BgMxzeTv3mIyrNE/lgRikGMe1LHnFGjZX8p+51pdItld2qOwNZJl5OypCj3i19dXoJy2KUhgmqddtzUxOMqTKcCZwUO5nGlLIh7WPbUklj1 MF4duyEnFqlR6JE2ZKGzNTfE2Maaz2KQ9sZUzPQi95U/M9rZya6CsZcpplByeaLokwQk5Dp56THFTIjRpZQpri9lbABVZQZm0/RhuAtvrxMGudVz6169xfl2k0eRwG O4QTOwINLqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8f5lGOEg==</latexit>
x0A
<latexit sha1_base64="n5ijSWV0QEh4TNQm+U4rIgAbyrY=">AAAB63icbVBN S8NAEJ3Ur1q/oh69LBbRU0lE0GPVi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzG PVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvrXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQH WSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6CjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79RbV+U8RRhiM 4hjPw4RLqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx+FDI3h</latexit><latexit sha1_base64="n5ijSWV0QEh4TNQm+U4rIgAbyrY=">AAAB63icbVBN S8NAEJ3Ur1q/oh69LBbRU0lE0GPVi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzG PVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvrXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQH WSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6CjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79RbV+U8RRhiM 4hjPw4RLqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx+FDI3h</latexit><latexit sha1_base64="n5ijSWV0QEh4TNQm+U4rIgAbyrY=">AAAB63icbVBN S8NAEJ3Ur1q/oh69LBbRU0lE0GPVi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzG PVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvrXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQH WSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6CjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79RbV+U8RRhiM 4hjPw4RLqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx+FDI3h</latexit><latexit sha1_base64="n5ijSWV0QEh4TNQm+U4rIgAbyrY=">AAAB63icbVBN S8NAEJ3Ur1q/oh69LBbRU0lE0GPVi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzG PVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvrXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQH WSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6CjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79RbV+U8RRhiM 4hjPw4RLqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx+FDI3h</latexit>
xA
<latexit sha1_base64="si5Ogl+qzvHmxsoEmZLyPj7gYOY=">AAAB6nicbVBN S8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslr FuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPvqleuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+ Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVT236t2dV2rXeRxFOIJ jOAUPLqAGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AEj8I2w</latexit><latexit sha1_base64="si5Ogl+qzvHmxsoEmZLyPj7gYOY=">AAAB6nicbVBN S8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslr FuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPvqleuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+ Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVT236t2dV2rXeRxFOIJ jOAUPLqAGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AEj8I2w</latexit><latexit sha1_base64="si5Ogl+qzvHmxsoEmZLyPj7gYOY=">AAAB6nicbVBN S8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslr FuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPvqleuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+ Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVT236t2dV2rXeRxFOIJ jOAUPLqAGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AEj8I2w</latexit><latexit sha1_base64="si5Ogl+qzvHmxsoEmZLyPj7gYOY=">AAAB6nicbVBN S8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslr FuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPvqleuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+ Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVT236t2dV2rXeRxFOIJ jOAUPLqAGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AEj8I2w</latexit>
@B
<latexit sha1_base64="JiK8pyRKpEHL0MezFzEqPHbo3IY=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeiz1 4rGC/cA2lM120y7dbMLuRCih/8KLB0W8+m+8+W/ctDlo64OFx3szszMvSKQw6Lrfztr6xubWdmmnvLu3f3BYOTpumzjVjLdYLGPdDajhUijeQoGSdxPNaRRI3gkmt7nfeeLaiFg94DThfkRHSoSCUbTSYz+hGgWVpDGoVN2aOwdZJV5BqlCgOa h89YcxSyOukElqTM9zE/SzfB6TfFbup4YnlE3oiPcsVTTixs/mG8/IuVWGJIy1fQrJXP3dkdHImGkU2MqI4tgse7n4n9dLMbzxM6GSFLlii4/CVBKMSX4+GQrNGcqpJZRpYXclbEw1ZWhDKtsQvOWTV0n7sua5Ne/+qlpvFHGU4BTO4AI8uIY63 EETWsBAwTO8wptjnBfn3flYlK45Rc8J/IHz+QMeTJCJ</latexit><latexit sha1_base64="JiK8pyRKpEHL0MezFzEqPHbo3IY=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeiz1 4rGC/cA2lM120y7dbMLuRCih/8KLB0W8+m+8+W/ctDlo64OFx3szszMvSKQw6Lrfztr6xubWdmmnvLu3f3BYOTpumzjVjLdYLGPdDajhUijeQoGSdxPNaRRI3gkmt7nfeeLaiFg94DThfkRHSoSCUbTSYz+hGgWVpDGoVN2aOwdZJV5BqlCgOa h89YcxSyOukElqTM9zE/SzfB6TfFbup4YnlE3oiPcsVTTixs/mG8/IuVWGJIy1fQrJXP3dkdHImGkU2MqI4tgse7n4n9dLMbzxM6GSFLlii4/CVBKMSX4+GQrNGcqpJZRpYXclbEw1ZWhDKtsQvOWTV0n7sua5Ne/+qlpvFHGU4BTO4AI8uIY63 EETWsBAwTO8wptjnBfn3flYlK45Rc8J/IHz+QMeTJCJ</latexit><latexit sha1_base64="JiK8pyRKpEHL0MezFzEqPHbo3IY=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeiz1 4rGC/cA2lM120y7dbMLuRCih/8KLB0W8+m+8+W/ctDlo64OFx3szszMvSKQw6Lrfztr6xubWdmmnvLu3f3BYOTpumzjVjLdYLGPdDajhUijeQoGSdxPNaRRI3gkmt7nfeeLaiFg94DThfkRHSoSCUbTSYz+hGgWVpDGoVN2aOwdZJV5BqlCgOa h89YcxSyOukElqTM9zE/SzfB6TfFbup4YnlE3oiPcsVTTixs/mG8/IuVWGJIy1fQrJXP3dkdHImGkU2MqI4tgse7n4n9dLMbzxM6GSFLlii4/CVBKMSX4+GQrNGcqpJZRpYXclbEw1ZWhDKtsQvOWTV0n7sua5Ne/+qlpvFHGU4BTO4AI8uIY63 EETWsBAwTO8wptjnBfn3flYlK45Rc8J/IHz+QMeTJCJ</latexit><latexit sha1_base64="JiK8pyRKpEHL0MezFzEqPHbo3IY=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeiz1 4rGC/cA2lM120y7dbMLuRCih/8KLB0W8+m+8+W/ctDlo64OFx3szszMvSKQw6Lrfztr6xubWdmmnvLu3f3BYOTpumzjVjLdYLGPdDajhUijeQoGSdxPNaRRI3gkmt7nfeeLaiFg94DThfkRHSoSCUbTSYz+hGgWVpDGoVN2aOwdZJV5BqlCgOa h89YcxSyOukElqTM9zE/SzfB6TfFbup4YnlE3oiPcsVTTixs/mG8/IuVWGJIy1fQrJXP3dkdHImGkU2MqI4tgse7n4n9dLMbzxM6GSFLlii4/CVBKMSX4+GQrNGcqpJZRpYXclbEw1ZWhDKtsQvOWTV0n7sua5Ne/+qlpvFHGU4BTO4AI8uIY63 EETWsBAwTO8wptjnBfn3flYlK45Rc8J/IHz+QMeTJCJ</latexit>
@A
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Figure 11. Operators on the boundary transform under modular flow in various ways. These
result in the various geodesics that make up the piecewise segments of the flowed geodesic.
We will use this basic geodesic to solve for the piecewise continuous geodesic satisfying
(A.2): by finding the boundary points that each geodesic segment is anchored to. The left
part of geodesics is anchored between two local operators, one is O(xB). Then it is not
hard to guess that one can find the other by transforming the operator OA¯ under double
modular flows. Therefore, we would get a local operator at another point defined by O(x′′¯
A
),
OA¯(x′′A) = ∆isB∆−isB OA¯ ∆isA∆−isA (A.6)
acting with two boosts in sequence results in a transformation,
x′′¯A = (u
′′¯
A, v
′′¯
A) = (−uB + δx−s ,−vB), δx−s = δx−(1− e−2pis) (A.7)
we can find that the left part of geodesic parameterized by u reads
vL(u) =
∆v
∆us
(
u− δx
−
s
2
)
, ∆v = vB − vA (A.8)
zL(u) =
√(
− ∆v
∆us
)(
∆us
2
− u+ 1
2
δx−s
)(
∆us
2
+ u− 1
2
δx−s
)
, (A.9)
eL(u) = − ∆v
2z2min
(A.10)
where e2 = ∂τx · ∂τx is the “einbein” and ∆us = ∆u− δx−s .
We can find the middle part of geodesic in the same way. The two boundary points of
middle geodesics can be found as:
OB(x′B) = ∆−isB OB ∆isB , OA¯(x′A) = ∆−isA OA¯ ∆isA , (A.11)
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x′B(u
′
B, v
′
B) = x
′
B
(
es(uB − δx
−
s
2
), vBe
−s) x′A¯(u′A¯, v ′¯A) = x′A¯(es(uA¯ + δx−s2 ), vA¯e−s),
For which the middle part of geodesics is:
vM (u) = e
−4pis ∆v
∆us
u (A.12)
zM (u) =
√(
− ∆v
∆us
)(
∆us
2
− e−su
)(
∆us
2
+ e−su
)
(A.13)
eM (u) = −e−2pis ∆v
2z2min
(A.14)
Note that KM =
( − pvpu )M = −e−4pis ∆v∆us = e4pisKL, which satisfied the boost matching
conditions (2.12) and (2.13). Also note the relation between the “einbeins”: eM = e
−2piseL
at the matching point.
A.2 General state
In some general states of ψ, the metric near boundary has a Fefferman-Graham expansion
(3.23). Two RT surfaces have expansion near the boundary (3.25). Expand the correlator
f(s) at first order of GN , we have f(s) ' 1−∆O(`− `0) +O(G2N ), where `0 is the geodesic
length in vacuum AdS. To find the change in length we simply perturb the geodesics we
found in the previous subsection by adding the appropriate metric fluctuation:
f(s) = 1− ∆O
2
(∫ 1
−1
dτ
δgψµν∂τX
µ∂τX
ν
e(τ)
+
(
δXµ
g0µν∂τX
ν
e(τ)
) ∣∣∣∣∣
1/2
−1/2
)
+ . . . (A.15)
δgψµν =
16piGN
d
zd 〈Tµν 〉ψ (A.16)
where we have used the symmetry of the undeformed geodesic to extend this in the natural
way to the right segment with 0 < τ < 1.
Note that the δXµ part accounts for the change of geodesic length due to change of the
end points at H+A,B. Since the unperturbed geodesic is effectively off-shell at the matching
points, variations of the geodesic can lead to a boundary term. Locally, if the entangling
surface moved in the v direction by δX+, then the end points of both the middle and left
part of geodesic would lead to a combined changed of δX+(1− e−2pis) due to the matching
condition on the horizon of entangling surface (A.4). Note that this term clearly vanishes
when s = 0.
Parameterizing the geodesic by u and estimating the geodesics with the vacuum AdS
result we have:
f(s) = 1 +
16piGN∆O
d
1
∆v
(
− ∆v
∆us
) d
2
(∫ uB
δx−
2
du 〈Tuu 〉ψ bL(u) +
∫ δx−
2
− δx−
2
du 〈Tuu 〉ψ bM (u)
+
∫ δx−
2
uA¯
du 〈Tuu 〉ψ bR(u) +
1− e−2pis
2pi
(
bM (
δx−
2
)PA− − bM (−
δx−
2
)PB−
))
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(A.17)
here we have
bM (u) = e
2pis
(
∆us
2
− e−2pisu
) d
2
(
∆us
2
+ e−2pisu
) d
2
bL(u) =
(
∆us
2
− u+ 1
2
δx−s
) d
2
(
∆us
2
+ u− 1
2
δx−s
) d
2
bR(u) =
(
∆us
2
− u− 1
2
δx−s
) d
2
(
∆us
2
+ u+
1
2
δx−s
) d
2
. (A.18)
Note that bM (λ−) = e2pisbL(λ−), bM (−λ−) = e2pisbR(−λ−), which satisfied the local match-
ing condition. These results are exactly the same as the results in [24] after shifting the u
coordinate in the paper u→ u− δx−/2 and ∆u→ ∆u+ δx−. Of course the methods were
very different.
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